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JA1V[£:S     X^IVIN^GSTON,    ILitd. 


Vacuum  Drying,  Evaporating, 
Solvent  Recovery,  Deresinating  Plant. 

CHEMICAL    PLANT    OF    EVERY    DESCRIPTION. 


So/e  European  and  British  Colonies'  Representatives  for:— 

J.  P.  DEVINE  Co.,  Buffalo,  N.Y. 

'  Recognised    as  the  Leading  and    Largest   Makers  in  the  World. 

VACUUM  DRYERS: 


SHELF    TYPE.  57   Standard   Sizes.  * 

ROTARY       „  21 

DRUM  „  15 

ELECTRICAL.  All   sizes  to  suit  requirements. 

Average  Output:  8  Vacuum  Dryers  &  30  Vacuum  Pumps  weekly. 

Original   Designers  and   Patentees   of  the   well-known 

COMBINED  ROTARY  VACUUM  DRYER  &  BALL  MILL. 

Owing  to  the  greatly  increasing  demand  for  these,  it  has  been  found  necessary 
to  lay  down  special  new  tools  and  extra  facilities  for  their  manufacture. 


We   make   a   speciality  of 
COiyiPLETE  INSTALLATIONS  for  CHEMICAL  WORKS 

Embracing  Coal  Tar  Products,  the  Higher  Intermediates,  Extracts  of  all 
kinds,  Starch,  Glue,  Rubber,  etc.,  etc. 


During  the   War   the    DEVINE    Co.  supplied  to  the  ALLIES  ALONE 
OVER     2,000     VACUUM     DRYERS, 

,,  400    Complete    Chemical    Plants, 

'„  £2,500,000  CHEMICAL  PLANT  AUXILIARIES. 
It  is  estimated  that  the  Devine  Co.  supplied  more  CAST  STEEL" 
HIGH  PRESSURE  AUTOCLAVES  during  the  War  than  the  combined 
output  of  all  other  manufacturers.  At  one  period  they  had  no  fewer  than 
120-250  gallons-i,5oolb.  test  pressure  in  various  stages  of  construction 
passing  through  their  shops. 

Fu//  Particulars,  Quotations,  eta  from:— 

JAMES    LIVINGSTON,    Ltd., 

Vacuum    Drying,    Solvent    Recovery    and    Chemical    Plant    Experts, 
"office -IMPERIAL   HOUSE,  KINGSWAY,  LONDON,  W.C.2. 


TeleKramt  &  Cables: 
"CINERARY,  LONDON." 


French  OfHoe— 
P.  G.  PARIS.  8,  RUE   NOUVELLE,  PARIS. 


Telepbones : 
London— REGENT  789. 
Parls-LOUVRE  01-16. 
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HIGH  SPEED  TELPHER 

UNLOADING    &    CONVEYING 
PLANT 

For  All    Materials. 
Weighing    in    Transit. 


ANY    LENGTH ANY    HEIGHT. 

ANY    CAPACITY— ANY    DIRECTION. 


TELPHER    MACHINE    &.    TRACK    WEIGHER. 


Very    Few    Wearing    Parts. 
Supports    may   be    in    Concrete. 

LARGE   NUMBER    OF   PLANTS   INSTALLED. 

PARTICULARS    ON    APPLICATION. 


STRACHAN  and 
HENSHAW, 


LIMITED, 

BRISTOL. 


CHEMICAL  PLANT 


FOR    NEARLY   ALL    INDUSTRIES    IN 

STEEL,  CAST-IRON,  BRONZE 

AND        SPECIAL        ALLOYS        OR 


TANTIRON 

Sulphuric  Acid  Plant.  Nitric  Acid  Plant. 

Hydrochloric    Acid    Plant. 


PLANT    FOR 

The  Synthetic  Production  of  Moit  Organic  Bodies. 
Autoclaves  and   Digestors. 

Non-Corroatve    Alloys    and     Plants    (or    ase    with   Corrosive 
Liquors.   Evaporators.    Concentrating  and  Fractionating  Plant. 

Tantiron    Centrifugal   Acid    Pumps. 
Stills.     Condensors,     Acid     Eggs,     Pans,     Electrodes,     Pumps, 
Cocks,   Valves,  &c, 

PLANT    FOR 

Nitrating,   Chlorinating  or  Acelylating. 

Distilling  and   Subliming   Plant.  Lennox   Compressors. 

Vacuum   Pumps  and  Blowers. 

Tantiron    Centrifugal   Slime  Pumps. 


OUR    TECHNICAL    LABORATORIES    ARE 

COMPLETELY     EQUIPPED     TO     INVESTl- 

GATE.  ADVISE  AND  DEMONSTRATE  THE 

BEST    METHODS   FOR 


NEW 


PROCESSES 

AND  CAN   BE  USED   FOR 
LARGE   SCALE  EXPERIMENTS. 


TANTIRON    LINED     STEEL     PIPES 


Lennox    Foundry     Co.,    Ltd., 

GLENVILLE    GROVE,    LOINDOfN,   S.E.8,    England. 


Telegrams:  "  Equifex  Dept..  London." 


Telepbone  ;   New   Cross  770. 


Nearest   Station  .    S.E,   6t  C.   Rly..   New  Cross 


All   Codes. 


, 
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KESTNER  ^^^^^  FILM 
EVAPORATORS 


IN     SINGLE     OR     MULTIPLE     EFFECT 


For   all    TRADE    LIQUORS: 

Caustic   Soda,  Glue  and  Gelatine, 

Tannin  Extracts,  Milk  Concentration, 

Sugar,   Syrups,  etc.,  etc. 

CICON^OIVHCAL      and      EFFICIENT. 

Send  all  Evaporation  problems  to  us.     We  have  testing  laboratories  in  which 
experiments   can   be    carried   out   on   semi-commercial   scale. 


KESTNER  EVAPORATOR  &  ENGINEERING  Co.  Ltd. 
S,  Grosvenor   Gardens,  Westminster,  London,  S.W.I. 


EXTRACTION  OF 


OILS, 

FATS, 

WAXES, 

RUBBER, 

Etc.,  Etc. 

FROM 


SEEDS, 

CAKE, 

FULLERS  EARTH, 

Etc.,  Etc. 


'Phone 
Gerrard   1327. 

Telegrams:    Cables: 

"Chemificha, 
Charles,  London." 


OIL 
EXTRACTION 
^^    PLANTS 


AN   ENTIRELY   NEW   DESIGN. 

(PATENTED). 


Late  The  Fisher  Chemical    Engineering  Co.  Ltdt 

21,   PANTON  STREET,   LONDON. 
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Hydro  extraction,  filtration  and  grading  of  residuum  carried  out 

simultaneously    in    one    operation,    in    one   machine,   having    one 

working  part  and  one  bearmg. 

Filtering  throughput  maintained  continuously  at  100%. 

Filtering  medium  cannot  choke. 

Filtering  medium  never  requires  cleaning. 

On  order  for  the  followmg  mdustries  :  — 

Sugar,  Chocolate,  Soap,  Chemicals,  Colours, 

Foodstuffs,  Ochre,  Ultramarine,  Paints  and 

Factory  Effluents. 

Machines  are  "Vickers  built, "all  parts  being  standardised  and  interchangeable. 


Centrifugal  Separators  limited 


iAssocialeJ  with  VICKERS  LIMITED) 

8,  IDDESLEIGH  HOUSE 

C.AXTON  STREET 

LONDON.    S.W.    1 


Vehphone  :  VICTORIA   7136. 


VeUgraphic  .  "  GEEWHIZ,  Vic,  London." 
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Do    you    realize    the   large   Saving  of    Labour 
effected    by   using  : — 

PNEUMATIC 
CONVEYORS 

FOR    TRANSPORTING 
CHEMICAL   &    GRANULAR  MATERIAL. 

Most  convenient  system  for  unloading   barges  or 

rapidly  lifting  or  moving  material  from  one  point 

to  another  and  deposilmg  where  required. 

Transport   Pipe  occupies  little  space  and  readily 
accommodates  varied  positions. 

EASILY  MAN.'XGED— ALWAYS   RELIABLE 


Let  us  demonstrate  to  you  their  many  advantages 


o    DrtDV    1^^  -i  -'■    BURY -ST..  EDMUNDS,    SUFFOLK. 

t\.     HkJiJ  1  ,     Ltd.     VICKEKS,  Ltd)       London  Off  ice  :-63.  QUEEN  VICTORIA  ST.,  E.C.4. 


ESTABLISHED      1849. 


J.  CORTIN,  Limited, 

Chemical   Plant    Manufacturers, 
MUSHROOM     BRASS    WORKS,    ST.    LAWRENCE    ROAD, 

NEWCASTLE-ON-TYNE. 


Telegraphic  Address:    CORTIN,  NEWCASTLE-ON-TYNE. 


Telephone   No.:    551     CENTRAL. 


SOLE     MAKERS     OF 

Cortin's   Acid    Valves, 

Elevators,    Silent    Heaters, 

Pumps,   Taps,    Plugs   8c    Seats. 


LEAD-BURNING     APPARATUS,    Etc. 


FULL  BORE  ACID  VALVE. 
No.  9  Type. 
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FUEL  ECONOMY! 


FURNACES  for  all  CHEMICAL 

PROCESSES  scientifically  designed, 
.".     .'.     erected  and  started  up. 


•  • 


Woodall,  Duckham  &  Jones 

(1920)    Limited, 

52,    Grosvenor    Gardens, 
London,    S. W.  1 . 


Telephone  :   Victoria    9272.  Telegrams :    Retortical,    Sowest,    London. 


(  H.   W.   WOODALL,   CLE..  M.I.C.E. 
Directors:   '   SIR    ARTHUR    DUCKHAM,    K.C.B.,  M.I.C.E. 
i  SIR    WILLIAM    JONES,   K.B.E. 
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BROWN    &    FORTH, 


Proprietor ; 
J.H.4    BROWN. 


"BROFO"  TALLOW.    "BROFO"  CHROME  TAN.    "BROFO"  FAT  LiaUOR. 
POTASSIUMS.  "*  °  °'^'°'  SODIUMS. 


" HYDRAPOL  " 

(Degreasin^  Agent)< 

CHEMICALS. 


OILS. 
WAXES. 


DYESTUFFS. 
ULTRAMARINE    BLUES. 
INTERMEDIATE    PRODUCTS. 
"BROFO"   CHROME    MORDANT 

For  Silk,  Cotton,  Fup. 

GLYCERINE  &      DYEWOOD  EXTRACTS 
SUBSTITUTES.       MALT  EXTRACT. 


SOLVOTEXTOL  " 

lOil  Emulsifleri. 


PRODUCE. 

FLOURS. 
STARCHES. 


Supplied  for  Home  and  Export  to 

Dyers,  Bleachers,  Calico  Printers,  Tanners,  and  to  Manufacturers  of  Boot  Polish, 

■Wax  Polish,  Paint,  Printing  Ink,  Paper,  Varnish,  Laundry  Requisites;    also  to 

Sugar    Refiners,    Rubber    Factories,    &c. 


Telegrams:  "IDEM,"  MANCHESTER. 
Telephones :    3283,  3284  &  3285  CENTRAL. 

10,  Dolefield, 

BRIDGE    STREET, 

MANCHESTER. 


Telegrams:    "CEREBLUE,"  CENT. 
Telephones:    CITY  9496  «  9497. 

21,  Farringdon  Street, 
LONDON,  E.C.4. 


L.B.HOLLIDAYL'0- 


Telephone:    1840  HttddtTiCitld  {4  lints'. 
TeleifTanxa:   "  Dyewanea.  Hadderefield." 


i  Western  Union 
Cades  uted  i  Liebers 

[ABC.  4lh  and  5th  Edition 


MANUFACTURERS  of  COAL-TAR  DYESTUFFS, 
INTERMEDIATE    PRODUCTS,    DRUGS,     &c. 


ACID   COLOURS 

BASIC   COLOURS 

DIRECT   COLOURS 

LEATHER     COLOURS 

MORDANT    COLOURS 


ORTHONITRO-PARATOLUIDINE 

PARANITROTOLUOL 

PARATOLUIDINE 

SALICYLIC   ACID 


nilMITROTOLUOL         ^-^  °"-    COLOURS 

DINITROTOLUOL         ^«^.^^  SPIRIT   COLOURS 

ORTHONITROTOLUOL      ^^..^^  SULPHUR    COLOURS 

ORTHOTOLUIDINE  ~->.^  UNION    COLOURS 

PARANITRO-ORTHOTOLUIDINE     ^**-  VAT  COLOURS 


SEND  YOUR  ENQUIRIES  TO  Salcs  Department,  Huddersfield. 


Or  to 

BRANCH 

OFFICES 

It 


67,  WEST  REGENT  ST.,  GLASGOW.     { ^tV^T^V.  "I'^rsT^iiS^'"" 
COMMERCIAL   BUILDINGS,   CROSS  ST.,   MANCHESTER. 
COMMERCIAL  BUILDINGS,  KIDDERMINSTER.     . 
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TECHNICAL    OFFICE    FOR    THE    FERTILIZER    INDUSTRY 

BENKER    &    MILLBERG, 

10,  RUE   J.  J.  ROUSSEAU,  ASNIERES,  Near  PARIS. 


THE      USE      OF 


FERRARIS  VERTICAL  ACID  PUMPS 

for  all  strengths  of  H2SO4,    HCl,  FHl,  represents  a  most 

important   advance   in    the    ECONOMY    of    POWER   and 

OPERATING    COSTS. 


Maximum  speed 
11 '5  rev.  p.m. 

No  leakage  of  acid. 

Continuous  and 
regular  operation. 

Minimum  of 
repairs. 


Minimum 
consumption  of  oil 

More  than  700 
Pumps  installed  on 
the  Continent. 


A  large   Firm 
in  Italy  use  150 
Ferraris  Vertical 
Pumps. 


Piston  runs 
entirely  in  oil. 

Simple  in  operation. 


Maximum  power 
2  H.P.  for  largest 
size. 


No  skilled  labour. 

Absolutely  constant 
Output. 


Important   orders 
received  for 
Great  Britain. 


(II  industrial 
Countries  In  the 
World  begin  to  use 
the  Ferraris  Pumps. 


FERRHRIS  YERTieflL  RQW  PUMPS  are  constructed 
in    several   sizes  from  200  to  1,000  gallons  per  hour. 


PftTENTEO     IN     aLL     COUNTRIES. 


HIGHEST     REFERENCES. 
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BABCOCK  &  WILCOX 


LTD. 


WATER-TUBE  STEAM  BOILERS. 

21.000,000  h.p.  Land  Type  and  Marine  Type 

supplied  or  on  order. 
Also    Makers   of  "Express"   Type    Light-weight    Boilers. 


BABCOCK  &  WILCOX  ALSO  MANUFACTURE 

Electric  Cranes  and 


Steam  Superheaters. 

Mechanical  Stokers. 

Economisers. 

Feed  Water  Healers. 

Structural  Steel  Work. 

Steel  Chimneys. 

Steel  Piping  Plants. 


Charging  Machines. 
Water  Softeners  and 

Purifiers. 
Coal  and  Ash  Conveyors. 
Suction  Ash  Plants. 
Oil  Engines. 


BABCOCK  &  WILCOX  BOILERS  are  constructed 

to  suit  all  conditions  of  working,  and  can  be  made  so  that 

no    part    exceeds    2801b.    in    weight;    ihey    can    be    fired 

with  any  kind  of  fuel. 

Telegrams: 
"BabcQck,  Cent,  London." 


Telephone  No. 
City  eHO  {S  lines.) 


Head  Offices  : 


ORIEL 


HOUSE,  FARRINGDON  STREET, 
LONDON,  E.G.4. 

Principal  Works:   RENFREW,  SCOTLAND. 

Branch  Works:    Dumbarton,  Scotland;  Oldbvrv,  Enciakd 
also  in  Italy,  Avstralia  and  Japan. 


Positive  Acting 
Rotary    Pumps. 


Called   by    Explosive  Works   Engineers 

••The    Pump   of  tKe  War." 


Duties  — 


ACID 

CHEMICALS 

WINE 

BEER 

SOAP  SOLUTION 

MILK 


CHILLED   LARD 
MARGARINE 
COLD   BRINE 
COLD  COAL  TAR 
PRECIPITATES 
BENZOL,  &c. 


WILLIAM   DOUGLAS  &  SONS,  LTD. 

Douglas  Wharf,  PUTNEY,  LONDON,   S.W.  15. 


DESIGN    and    ERECTION 

OF 

NEW     WORKS     AND     EXTENSIONS. 

CHEMICAL     and     METALLURGICAL     PLANTS. 


RIDGE    ROASTING    FURNACE    AND    ENGINEERING    CO., 


2,  GREAT  WINCHESTER  STREET, 

Telephone:  r>Mnr>M       c  r^  o  Telegraphic  Address: 

LONDON     WALL    7879.  LONDON,      E.G. 2.  ..RIDGENZIE,  AVE,  LONDON." 


MODERN    &    EFFICIENT 

Apparatus  for  Gas  Washing  and  Continuous 
Distillation  of  Oils  and  Liquors. 


Telephone   1415    13   lines). 


ENQUIRIES    INVITED. 

W.  C.  HOLMES  &  Co.  Ltd., 

Whitestone    Ironworks,    Huddepsfield. 
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Sole  Makers  of 

Foster's 

Patent  Evaporator 

Soap  -  Cooling  Machines 
Caustic  Soda  Plant 
Condensing  Plant 
Air  Pumps  &  Compressors 

R  econst  ruct  ion  s 
a     Specialty 

On  Admiralty  and  War  Office  LUts. 


Teiegramg 
"Vulcan.  Pat 
Codes  :   A  B 
Ed.  Enginceri] 
WeBtern  Union 
Marconi  Int. 


^'-  mllfirb.liQflflM'UljarcmYL  ^S^S-. 

T"^'  ^^  ,_,  _.    ./e—    I     1=  -vy  ^J*  Exchange. 


S  LEV 


ROSE,  DOWNS  & 
THOMPSON,  Ltd. 

OLD  FOUNDRY,  HULL. 

SpeciaHty- 

SOLVENT   OIL   EXTRACTION 
PLANT, 

Complete    Installations,   with    all    latest 

improvements  for  oil-bearing  seeds  and 

other  materials. 

12,  MARK  LANE,  LONDON. 
20,  FOOCHOW  RD.,  SHANGHAI 

ESTABLISHED     1777. 


View    in    OIL    EXTRACTION   PLANT. 
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ARMOURED    CERATHERM 

CENTRIFUGAL    PUMPS 

can  be  used  for  any  chemical  without  corrosion,  are 
highly  efficient,  are  extremely  simple  and  strong  in 
construction  ;  withstand  high  pressures  and  severe 
strain  and  are  claimed  to  be  the  best  available  pumps 
for  general  chemical  purposes.  Liquids  passing  through 
touch  no  metal,  and  the  same  pump  may  be  used  for  a 
variety  of  chemicals,  and  can  be  fitted  for  suction  pur- 
poses with  detachable  lubricated  glands  with  internal 
porcelain   sleeves,   in    addition    to  the   ordinary  gland. 

CERAMIC    LINED    VATS    for   any   type   of    Chemical. 

ENGINEERING  CONTRACTING  and  ACID  &  HEAT-PROOF 
WARE    FOR  CHEMICAL  &  METALLURGICAL  PURPOSES 


GUTHRIE  &  Co., 

Chemical    Engineers,   ACCRINGTON. 


Junr. 


W.  M.  FULLER, 

88,  Great  Charles  St.,  BIRMINGHAM. 

End  Runner 
Grinding  Mill 

For  Assayers,  Manufacturing  Chemists, 

Colour  Grinders,  etc.,  etc. 
GRINDS  or  MIXES  WET  or  DRY. 

Iron,  Granite,  or  Wedgwood 
Mortars   and    Runners,   various   sizes. 

Apply    for    MILL    LIST. 


EVAPORATORS 

STILLS 

VACUUM  DRIERS 

OIL  EXTRACTION 
PLANT 

LARGEST  MANUFACTURERS  IN  THE  WORLD 

SGOTTS 

KINGSWAY  HOUSE,  W.C.2. 

Telephone :    GERRARD  9857  &  9858. 
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Solo  Makers  of 

-HAILUXO"   Brand 
Heat=Resisting  Glass 

Also 

HAILCRIS"  Clear 
Crystal  Glassware. 


ACKROYD  &  BEST,  Ltd. 

MORLEY,    Nr.     LEEDS. 


Telegrams  : 
"  LAMPS,    MORLEY." 


Telephoae   Nos. : 
86    &    104    MORLEY 


COILS 


OF    EVERY     DESCRIPTION. 

CIRCULAR,     GRID, 

RECTANGULAR, 

Etc.,  Etc. 

FOR  ALL  DESCRIPTIONS 

OF 

CHEMICAL  PLANT. 


EXPANSION    BENDS. 


PIPE    LINES. 

WELDED    TEES,     CROSSES,    ELBOWS,    BRANCHES,    Etc. 

The  MILLWALL  ENGINEERING  Co.  Ltd. 

21,  PANTON  ST.,  LONDON,  S.W.1. 


Telephoje:   Gkp.rvrd  13-27. 

Telegrams:  "  ti  oNWARti:.  Charles.  London.* 
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keeps    th  e 

LABORATORY 
up-to-time 


OUNSENS,  Muffle  and  Combustion  Furnaces, 
'^  Flat-Flame  Burners,  Blow-pipes,  Boiling- 
rings,  etc.,  can  all  be  used  with  this  paramount 
system  for  Laboratories  in  isolated  positions. 
Gas  is  produced  from  gas-making  petrol  in  a 
self-contained  plant  which  is  absolutely  safe  and 
simple.       British    built    at    our    Norwich    Works. 


Special   Booklet  on  the  "  Willett  Air 
Gas  System  "  free  by  post  on  request. 


=  Telegrams : 

^        Elrolarl,  Stoane,  Londai 

iiiiiiiiiiiiiiiiiiiiiiiiii 


162,      THE      WILLETT      BUILDING. 
SLOANE  SQUARE,  LONDON,  S.W.I. 


Code: 
A.B.C.  5lh  Edition. 

Illllllllllllllllllllllllllllllllll 


COTTRELL 
ELECTRICAL 
PRFCIWTATION 


ES 


ROASTIN€    FURNAc, 

Acid  Proof  Masonrv 
Crushing    Plant 
Superphosphate  Excavators, 

ETC 


KORTING   BROS. 

(1917)     LTD., 

27,  SHAFfESBUaY  AVENUE,  W.l. 

Universal  injectors. 

Steamjet  Elevators  for  lifting 

liquids. 

Lead   Elevators  for  lifting 

acids. 

Silent  Water  Heaters. 

Steamjet   Air   Compressors. 

Agitators  &  Vacuum  Ejectors. 

Gas-producer    Blowers    and 

Undergrate    Blowers. 

Waterjet  Ejectors  &  Elevators. 

Multijet    Ejector    Condensers 

for   High   Vacua. 

Water  Cooling    Plants. 

Gil  ed      Pipes     and      complete 
Drying    and     Heating     Plants. 

Spray  Nozzles. 
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TO  USERS  OF  CHEMICAL  PLANT. 

When    renewing    or    repairing    YOUR 

CHEMICAL  PLANT 

Consult 

Messrs.  Cookson  &  Company  Limited, 

Ncwcastlc-on-Tync. 

Their    recent    advances    in    the   production    of 

CHEMICAL   SHEET   LEAD 
AND    LEAD    PIPES 

of  maximum    acid  resisting  properties   are     of    vital    importance 
to  the  life  of  your  plant.      Write  to-day  for  Samples  and  particulars 


^&^ 


COOKSON  &  COMPANY  LIMITED, 

Newcastle-on-Tyr\e. 

BRANCH     OFFICES: — London.    Glasgow,     Manchester,      Birmingham,      Leeds 

and    Bristol. 


CAST-IRON 


CHEMICAL  PLANT 


LINED     WITH 


Clark's  Acid  Resisting  Enamel. 

Manufactured    solely   by 

T.  &  C.  CLARK  &  Co.  Ltd 

Shakespeare  Foundry, 
WOLVERHAMPTON. 


STILLS,  TANKS,  ROUND   BOILERS, 
EVAPORATING   PANS, 

STEAM   JACKETED   PANS. 
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HYDROGEN  PLANTS. 

MA  XT ED    PROCESS. 

PURITY    99-97o   AND    OVER. 

DIRECTLY   AND    WITHOUT   PURIFICATION. 

LOW     COST     OF    PRODUCTION. 

COMPLETE    ABSENCE    OF   CATALYST    POISONS. 

We  also  specialize  in  the  conversion  of  existing  Plants  of  the  Intermittent  type 
where  bad  results  have  hitherto  been  obtained,  owing  to  impurities  in 
the  Hydrogen  produced. 


Complete  Installations  for 
CATALYTIC     HYDROGENATION     OF     OILS. 


(Proprietors  :  John  Thompson  (Wolverhampton),  LttL), 

ETTINGSHALL,     WOLVERHAMPTON,     ENGLAND. 


KING'S     PATENT 


PNEUMATIC  (Suction) 
CONVEYING  PLANT 

For  Coal,  Ashes, 
Grain,  Chemicals,  etc. 


For  full  Particulars  apply   to — 

H.  J.  H.  KING  &  CO.  LTD. 

NAILSWORTH,    GLOUCESTERSHIRE. 

Telegrams:     KING,    NAILSWORTH. 
Telephone:    12    NAILSWORTH. 


;o*  L  SicTiON  Plant,  .soft.  Lift.     At  Modem  Power  House  in  Miiilands. 
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IF  YOU  HAVE  TROUBLE  WITH  CORROSION 
or  the  failure  of  metals  due  to  the  action  of  Alkalies, 
Salt  Water,  or  Super-heated  Steam — TRY 


— a  natural  nickel  copper  alloy  successfully  used  in 
Soap  Works,  Sugar  Refineries,  Chemical  Works,  Dye 
Works,  etc.,  where  other  metals  have  failed. 

G.  &  J.  WEIR,  l^-Z^  Cathcart,  Glasgow. 


" CANNON " 

CHEMICAL 

PLANT 

OF    ALL 

DESCRIPTIONS 

FOR 
CHEMICAL    AND    PHARMACEUTICAL    PROCESSES. 

CAST  IRON  LINED  WITH  ACID-RESISTING  ENAMEL. 

STILLS,     MIXING    PANS,     EVAPORATING     PANS, 
CONDENSERS,     AUTOCLAVES,      LABORATORY     WATER     BATHS,    Etc. 


Cannon    Iron    Founories,    ILtd. 

Works  and    Head    Offices:     DEEPFIELDS,    Nr.    BILSTON,    STAFFS. 

London  Office:     BATH    HOUSE,   HOLBORN    VIADUCT,   E.C.1 . 
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WE     ARE     MANUFACTURERS     OF     HIGH-CLASS 

iVlagnesite,  (Chrome,  ^ilica  and 
Qanister   jBricks  and  Cements, 


AND     OTHER 


-     Kefractorg  iVlaterials  for     - 
^teel,    Qas   and    Qlass  WTorks. 


THE    CLEVELAND    MAGNESITE    & 
REFRACTORY    Coy.   Ltd., 

NORIVIANBY, 

ESTON,    YORKS. 


Phone : 
No.    5,    NORMANBY. 


Telegrams  -. 
MAGNESITE,  NORMANBY 


For  the  Juratory 
For  tKe  Works 


CHEMICAL    ENGINEERS 

should  keep  this  unique  material  in  view  when  reconstruc- 
ting old  or  designing  new  plant.  In  addition  to  its 
application  to  standard  practice  its  resistance  to  severe 
temperature  conditions  combined  with  its  uniform  purity 
(99'8",>  SiO.,),  have  rendered  commercially  successful 
operations  which  would  otherwise  be  impossible. 


The  Thermal  Syndicate  Ltd. 

ViTREosiL  Works,  wallsend-on-Tyne. 
London  Depot,   28  Victoria  St,  S.Wl . 
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iflRRLEEs  PUMPS 

FOR  EFFICIENT 
VACUUM 

RECIPROCATING,    ROTARY     OR 
STEAM    EJECTOR    TYPES 

EVAPORATORS 

SINGLE  OR   MULTIPLE   EFFECT 

For    the     Concentration     of    Caustic    Soda,     Glue 
and    Residual    Trade    Liquors. 

SPECIALISTS  IN  STEAM  CONDENSING  PLANT. 

pT  THE  yT  r^  Illustrated 

fjlRRLEES  t^/?T50N  CpMmNV        Catalogues 
Head  Office  and  Works ;  Scotland  Street,  GLASGOW       on  application. 


London   Office:     122,  Cannon   Street,   E.C.4. 


STEAIVl    EJECTOR 

AIR     PUIV1P    FOR 

HIGH    VACUUIV1. 


HIGH  EFFICIENCY  STEAM  PRODUCTION 

Are  you  interested  in 

1.  THE    UTILISATION    OF    WASTE    HEAT; 

2.  THE  UTILISATION  OF  GASEOUS  OR  OIL  FUEL  ? 
If  you  are,  let  us  submit  a  scheme   for  a   Bonecourt  Boiler  Installation. 

Bonecourt 

Boiler 

has  the  highest   efficiency  and   evaporative   capacity   attained. 

It  IS  a  speciahsed  unit  which  is  designed — not  merely  adapted — 
for  the  situation  for  which  it  is  intended. 

WTile  for  full   ^Pailiculars  : 

BONECOURT  WASTE  HEAT   BOILER   Co.   Ltd. 
Parliament  Mansions,  Victoria  Street,  London,  S.W.I. 


Telephone:    Victoria    .>56.s. 


Tt_-lmrains:    Emnlcol  K T.  FnuNE.  London. 
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* 
* 


W.J.FRASER  &  Co.  Ltd. 

Chemical  (Engineers, 
DAGENHAM,    ROMFORD,    ESSEX. 


* 


Chemical  Factories  Designed  and  Erected. 


(Manufacturers    of  : 

Chemical    Manure    Plant, 
I  Mineral    Oil    Di^illation    Plant, 


* 


High  Pressure  Vessels  in 
Mild  Steel. 


* 
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The  Chemical  Enginsering  Group  is  the  first  of 
what  have  been  termed  "  Subject  Groups"  of  the 
Society  of  Chemical  Industry,  i.e.,  it  has  as  the 
main  purpose  of  its  formation  and  existence  the 
promotion  of  the  study  and  the  development  of  the 
practice  of  a  particular  phase  of  chemical  tech- 
nology, viz..  Chemical  Engineering,  as  contrasted 
with  the  purely  geographical  significance  of  a 
"Local  Section  "  of  the  Society.  The  Society  itself, 
covering  as  it  does  in  its  activities  the  whole  domain 
of  Chemical  Technology,  can  only  occasionally,  and 
not  at  all  exclusively  and  systematically,  take 
account  of  Chemical  Engineering  matters,  and 
although  in  the  earlier  years  of  its  exist-ence  the 
question  of  the  design  and  working  of  chemical 
plant  entered  more  largely  than  now  (1920)  into 
its  deliberations,  the  enormous  amount  of  chemical 
discovery  effected  during  the  past  half-century  has 
almost  inevitably  resulted  in  attention  being  de- 
voted to  the  examination  of  possibly  useful  re- 
actions, processes,  and  methods,  rather  than  to  the 
development  of  efficiency  in  plant  for  established 
manufactures.  Other  factors  certainly  assisted  in 
bringing  about  this  state  of  affairs,  but  there  can 
be  no  doubt  that  the  most  important  influence  in 
effecting  this  change  in  the  character  of  the 
Society's  discussions  during  the  period  referred  to 
has  just  l)een  stated. 

It  resulted  therefore  that  at  the  beginning  of  the 
present  century  the  study  of  Chemical  Engineering 
had  fallen  somewhat  into  the  background,  and  to 
the  stress  of  the  European  War  of  1914 — 1918  is  to 
be  attributed  the  responsibility  for  bringing  its  im- 
portance once  more  into  prominence.  The  reasons 
for  this  are  given  in  contemporary  accounts  of  the 
chemical  and  explosive  manufacturing  activities  of 
this  country  during  the  period  referred  to,  and  will 
not  be  further  mentioned.  A  matter  of  more  per- 
manent moment  is  the  attention  that  was  again 
focussed  on  the  question  of  chemical  plant  and  its 
eflScient  design,  construction,  and  working.  It  be- 
came increasingly  evident  that  studies  of  plant 
were,  at  an.v  rate,  equally  important  with  con- 
sideration of  process — nay.  more,  were  vital  to  the 
succe.isful  operation  of  any  process.  In  consequence 
there  developed  in  this  country  an  influential  body 
of  opinion  in  favour  of  united  action  towards 
securing  for  the  study  of  Chemical  Engineering  that 
place  in  the  intellectual  life  of  national  industry 
which  its  obvious  impDrtance  demanded. 

The  guiding  hand  behind  all  the  activities  there- 
upon set  in  work  was  undoubtedly  that  of  Prof. 


J.  W.  Hinchley,  TVh.Sc,  A.R.S.M.,  F.I.C.,  Pro- 
fessor of  Chemical  Engineering  in  the  Department 
of  Chemical  Technology  of  the  Imperial  College  of 
Science  and  Technology,  London.  By  his  own  per- 
sonal endeavours  Prof.  Hinchley  so  stimulated  the 
aspirations  towards  united  effort  to  which  reference 
has  been  made  that  he  ultimately  felt  justified  in 
calling  a  meeting  for  discussion  of  the  best  form  for 
joint  action  to  take.  The  meeting  was  held  in 
London,  in  the  Kaaba  Cafe,  King  Street,  Cheap- 
side,  at  8  p.m.,  on  Monday,  July  29,  1918,  and  was 
attended  by  about  70  gentlemen  interested  in 
various  aspects  of  chemical  manufacture  and  par- 
ticularly so  in  the  subject  of  Chemical  Engineering. 
Resolutions,  drawn  up  by  Prof.  Hinchley,  had  been 
circulated  to  those  interested  prior  to  the  meeting, 
and  were  open  for  discussion.  Dr.  G.  T.  Morgan, 
F.R.S.,  Professor  of  General  and  Industrial 
Chemistrv  in  the  Fniversitv  of  Birmingham,  pre- 
sided, and  Mr.  H.  Talbot,  B.Sc,  A.R.C.Sc,  was 
appointed  by  the  meeting  to  act  as  recorder  of  the 
proceedings. 

The  resolutions  as  finally  carried  by  the  meeting 
are  given  below,  and  differ  so  little  from  those 
originally  drafted  that  the  latter  are  not  separately 
appended: — 

1.  That  a  Group  he  formed  for  the  promotion 
and  study  of  Chemical  Engineering. 

2.  That  a  Committee  be  elected,  with  full 
powers  to  act.  to  draft  rules  and  to  meet  the 
Sub-committee  appointed  by  the  Council  of  the 
Society  of  Chemical  Industry,  with  a  view  to 
this  Group  becomins  a  Section  or  Group  of  the 
Society  of  Chemical  Industry. 

3.  That  the  activities  of  the  Group  be  under 
the  control  of  a  committee  and  ofiicers  elected 
under  rules  similar  to  those  of  Local  Sections  of 
the  Society  of  Chemical  Industry. 

4.  That  a  special  subscription  be  levied  to 
cover  the  cost  of  organisation  and  work  of  the 
Group,  and  particularly  that  of  printing  of 
papers  prior  to  their  being  read. 

5.  That  one  of  the  objects  of  the  group  be  to 
promote  vigorously  Chemical  Engineering  Re- 
search. 

The  meeting  thus  pledged  itself  to  action  in  the 
direction  of  the  formation  of  some  body  or  organisa- 
tion which  should  charge  itself  with  the  task  of  en- 
deavouring to  promote  the  interests  of  Chemical 
Engineering  and  its  development  on  sound  and 
scientific  lines  in  this  country,  and  had  expressed 
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its  preference  for  iuclusion  in,  or  afiiliation  to,  the 
.Society  of  Chomicul  Industry.  As  a  matter  of 
history,  Prof.  Hinchley  had  jireriously  submitted 
to  the  Council  of  the  Society  a  petition,  supported 
by  the  proper  number  of  signatories  requisite  for 
the  establishment  of  a  Local  Section,  for  the  in- 
auguration of  a  Chemical  Engineering  Section  of 
the  Society,  and  a  Sub-committee  of  the  Council 
had  been  appointed  to  discuss  with  Prof.  Hinchley 
and  his  supporters  the  suggested  relationship  be- 
tween the  proposed  new  organisation  and  the 
Society  of  Chemical  Industry.  The  meeting  there- 
fore asked  the  following  gentlemen  to  associate 
themselves  as  a  Provisional  Committee  with  Prof. 
Hinchley  (who  was  to  act  as  Chairman)  in  all  nego- 
tiations with  the  Sub-committee  and  to  carry  on 
the  work  necessary  to  give  effect  to  the  other  reso- 
lutions that  had  been  carried:  — 

E.  A.  AUiott,  Esq.  Dr.  H.  C.  Greenwood. 

Dr.  H.  J.  Bush.  A.   J.   Liversedge,   Esq. 

C.  S.  Garland.  Esq.  Dr.  W.  R.  Ormandy. 

Capt.  C.  J.  Goodwin.  F.   H.   Rogers,   Esq. 

H.  Talbot,  Esq.  (Hon.  Sec.) 

The  Provisional  Committee  thus  constituted  had 
as  a  mandate  from  the  meeting  the  formation  of  a 
"  Subject  Group  "  or  Section  of  the  Society  of 
Chemical  Indu.stry  for  the  purpose  of  promoting 
the  interests  of  Chemical  Engineering.  The  Com- 
mittee realised  that  such  a  Group  or  Section  would 
represent  a  new  departure  in  the  Society's  activi- 
ties, and  it  might  even  be  found  impossible,  owing 
to  legal  difficulties  in  the  vvording  of  the  Society's 
By-laws  and /or  Charter  to  give  effect  to  the  pro- 
posal. Moreover,  it  was  obvious  that  the  70  or 
more  gentlemen  who  attended  the  meeting  in 
London  were  only  a  relatively  small  portion  of  the 
total  number  of  those  interested  in  the  United 
Kingdom,  and  it  seemed  very  desirable  to  have  the 
considered  opinion  of  these  before  approaching  the 
Cotincil  of  the  Society  with  any  formal  propositions. 
Accordingly,  a  memorandum  was  drawn  up  by  the 
Provisional  Committee  (copy  of  which  is  given 
below)  and  mailed  to  every  member  of  the  Society 
of  Chemical  Industry  resident  in  the  United  King- 
dom, along  with  a  covering  letter  (not  reproduced) 
and  a  stamped,  addres.sed  postcard  with  a  question- 
naire, with  a  request  for  its  return,  after  com- 
pletion, to  the  Hon.  Secretary  of  the  Provisional 
Committee. 

MEMORANDUM  OX  THE  PROPOSED  FORMA- 
TION OF  A  CHEMICAL  ENGINEERINC; 
GROUP  OF  THE  SOCIETY  OF  CHEMICAL 
INDUSTRY. 

1.  The  first  steps  towards  the  formation  of  a 
Section  of  the  Society  of  Chemical  Industry  dealing 
exclusively  with  Chemical  Engineering"  subjects 
were  taken  by  Prof.  .1.  W.  Hiuchlev,  Wh.Sc, 
A.R.S.M.,  F.I.C.,  of  the  Imperial  College  of 
Science  and  Technology,  London.  Prof.  Hinchley. 
after  introducing  the  subject  in  a  speech  at  a  meet- 
ing of  the  Chemical  Industry  Club  in  February. 
1918,  secured  many  more  than  the  number  of  signa- 
tures requisite  for  the  presentation  to  the  Council 
of  a  formal  request  for  the  establishment  of  a 
Chemical  Engineering  Sectioii  of  the  Society,  in 
accordance  with  the  provisions  of  By-law  40. 

2.  A  petition  was  presented  to  the  Council  asking 
them  to  constitute  a  Chemical  Engineering  Section 
of  the  Society,  and  in  furtherance  thereof  Prof. 
Hinchley  attended  personally  before  the  Council  to 
outRne  the  objects  of  the  members  of  the  Society 
interested  in  the  Chemical  Engineering  Scheme. 

3.  The  Council  of  the  Society  appointed  a  Sub- 
committee to  go  more  f\d!y  into  the  proposals  of 
Prof.  Hinchley  and  his  supporters,  and,  in  view 
of   the   suggested   wider   scope   of   aetivitv   of   the 


Chemical  Engineering  Section  as  compared  with 
that  of  an  ordinary  Section — the  functions  of  such 
an  ordinary  Local  Section  being  very  specifically 
defined  in  the  Society's  By-laws — the  name 
"Chemical  Engineering  Group  "  has  been  pro- 
visionally adopted. 

4.  Following  the  appointment  of  a  Council  Sub- 
committee as  above.  Prof.  Hinchley  circulated 
notice  of  a  meeting,  to  be  held  in  London,  to  those 
members  of  the  Society  in  the  United  Kingdom  who 
are  interested  in  Chemical  Engineering,  as  shown 
in  the  membership  list.  The  meeting  was  held  on 
July  29,  1918,  and  was  attended  by  a  considerable 
number  of  members  of  the  Society  and  others  in- 
terested in  the  scheme,  whilst  a  very  large  number 
of  letters  in  support  were  received  from  all  parts 
of  the   country   from  those  unable  to  be  present. 

The  meeting  passed  resolutions  dealing  with  the 
formation  of  a  Chemical  Engineering  Group  of  the 

'  Society,  and  a  temporary  Committee  and  Honorary 
Secretary   were   appointed   to   crystallise   the   sug- 

j  gested  aims  and  objects  of  the  Group  into  definite 
propositions.  The  Committee  has  held  two  meet- 
ings, and  its  proposals,  including  also  those  of  the 
General  Meeting  of  July  29,  are  set  out  in  what 
follows. 

5.  It  is  proposed  to  constitute  a  "  Chemical  En- 
I    gincering  Group  "  as  a  definite  Subject-Section  of 

the  Society  of  Chemical  Industry,  membership  of 
:    the  Group  being  open  to  all  members  of  the  Societ.v. 

I  6.  The  rules  governing  the  conduct  of  the  Gro\ip 
are  to  be  those  of  a  Local  Section  of  the  Society, 
with   such   alterations   as   are   necessitated   by  the 

I    special  character  and  functions  of  the  Group. 

7.  The  business  of  the  Group  is  to  be  conducted 
by  a  Committee,  with  honorary  officials,  as  in  the 
case  of  a  Local  Section  of  the  Society.  The  mem- 
bers of  the  Comjnittec  will  comprise  10  elected  by 
the  members  of  the  Group  as  a  whole,  and  Honorary 
Correspondents,  one  from  each  Local  Section  of  the 
Society  of  Chemical  Industry  in  the  United  King- 
dom, with  the  Chairman,  Vice-chairman,  Secretary, 
and  Treasurer  ex  officio.  Honorary  Correspondents 
are  to  be  members  of  the  Group,  and  each  is  to  be 
nominated  for  any  Local  Section  by  the  Committee 
of  that  Local  Section  to  which  he  is  attached. 

8.  Ordinary  meetings  of  the  Group  are  to  in- 
clude Conferences  on  special  Chemical  Engineering 
topics,  these  Conferences  to  be  held,  at  the  discre- 
tiuon  of  the  Committee,  in  centres  where  the  sub- 
jects to  be  discussed  have  particular  local  industrial 
importance.  The  Conferences  will  be  announcetl 
considerably  before  the  time  fixed  for  their  occur- 
rence, and  papers  from  experts,  not  necessarily 
members  of  the  Society,  will  be  arranged  for.  Ad- 
vance copies  of  the  papers  are  to  lie  circulated  prior 
to  the  meeting,  to  enable  a  profitable  discussion  to 
take  place.  "Written  remarks  on  papers  from 
members  unable  to  be  present  will  also  be  per- 
mitted. Full  copies  of  the  papers  and  di.scussions 
will  constitute  the  permanent  record  of  the  Con- 
ference, to  be  sent  to  all  members  of  the  Group.  It 
is  probable  that  an  abstracted  account  only  will 
appear  in  the  Journal  of  the  Society. 

9.  To  cover  the  cost  of  printing  and  posting  of 
papers  prior  to  the  conferences,  and  of  other  special 
activities  of  the  Group,  it  is  proposed  to  levy  a 
special  annual  subscription  on  7nembers  of  the 
Group,  and  payment  of  this  will  be  a  condition  of 
membership. 

10.  It  is  intended  to  arrange  Conferences  or  joint 
meetings  on  subjects  of  mutual  interest  with  other 
learned  .societies  and  to  co-operate  with  them  as  far 
a.s  possible  so  as  to  avoid  duplication  of  effort  iji 
the  definition  and  circulation  of  knowledge  on 
topics  of  common  concern. 
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11.  It  is  proposed  to  develop  Chemical  Engineer- 
ing Kduration  and  Research  as  vigorously  as  pos- 
sible. The  establishment  of  a  Research  Fund  is 
contemplated,  the  Chemical  Engineering  Group 
being  charged  with  its  allocation  and  supervision  of 
the  work  done.  In  this  connexion  also  co-operation 
with  other  societies  and  institutions  will  be  sought. 

12.  Summarising,  the  objects  of  the  proposed 
organisation  are,  generally:  — 

(i.)  To  advance  the  cause  of  .Applied  Chemi- 
cal Science ; 

(ii.)  To  raise  the  professional  standard 
among  Chemical  Engineers; 

(iii.)  To  co-operate  with  educational  institu- 
tions for  the  provision  of  suitable  training  for 
the  men  who  are  to  enter  the  profession  of 
Chemical  Engineering; 

(iv.)  To  encourage  original  work  in  Chemical 
Engineering; 

(v.)  To  collect  and  distribute  such  classifietl 
knowledge  in  Chemical  Engineering  as  shall 
increase  the  efficiency  and  development  of 
industrial  activity. 

And,  specifically, 

(vi.)  To  arrange  conferences  on  special 
Chemical  Engineering  topics  in  accordance 
«ith  para.  8,  above ; 

(vii.)  To  establish  a  Bureau  of  Information 
regarding  supplies,  manufacturers,  and  plant 
connected  with  Chemical  Engineering; 

(viii.)  To  draw  up  specifications  of  materials 
used  in  Chemical  Engineering,  and  to  stan- 
dardise detail  fittings; 

(ix.)  To  establish  a  Technological  Library 
and  a  Library  of  Technical  Catalogues; 

(x.)  To  establi-sh  in  Loudon,  for  the  use  of 
country  members,  an  Enquiry  Office  for  refer- 
ring on  specified  points  to  technical  literature 
not  easily  accessible  elsewhere. 

(si.)  To  establish  a  Research  Fund,  in 
accordance  with  para.  11,  above. 

The  Provisional  Committee,  elected  at  the  meet- 
ing of  July  29th,  is  con.stituted  as  under  :  — 

J.  W.  HiNCHLEY,  \\Ti.Sc.,  A.R.S.IM.,  F.I.C..  Pro- 
fessor of  Chemical  Engineering,  Imperial  College 
of  Science  and  Technolog,v,  London  (Chairman), 

E.  A.  ALtioTT,  B.Sc.(Eng.),  A.AI.I.M.E.,  Engineer 
and  Chemical  Engineer. 

H.  J.  BvsH,  M.Sc,  Ph.D.,  Chemical  Engineer. 

C.  S.  G.vRLAND,  A.R.C.Sc.,  B.So.,  A.I.C.,  Chemical 
Engineer. 

C.  J.  Goodwin  (Capt.),  A.C.G.I.,  B.Sc.(Eng.), 
A.M.Inst.CE.,  Consulting  Chemical  Engineer. 

H.  C.  Greenwood  (Lieut.),  D.Sc,  F.I.C.,  Chemical 
Engineer. 

A.  .1.  LivKnsEDGE,  A.M.Inst.CE.,  Consulting 
Engineer. 

W.  R.  OnMANDY,  D.Sc,  Consulting  Chemical  En- 
gineer. 

F.  H.  Rogers,  A.M.I.M.E.,  Consulting  Engineer 
and  Patent  Agent. 

H.  T.4LB0T,  A.R.C.Sc.,  B.Sc.,  Chemical  Engineer 
(Hon.  Sec). 

15,  New  Bridge  Street,  London,  E.C.  4.   • 

September  3,  1918. 


The  questionnaire  on  the  post  card  scut  out  was 
as  under :  — 

PROPOSED  CHEMICAL  ENGINEERING 
(JROUP  OF  THE  SOCIETY  OF  CHEMICAL 
INDUSTRY. 

1.  Are     you     interested     in     the     development    of 

Chemical  Engineering ? 

2.  Are  you  in  favour  of  the  formation  of  a  Chemical 

Engineering  Group  or  Section  of  the  Society  of 
Chemical  Industry? 

3.  Would  you  prefer  that  a  separate  organisation — 

'e.O-,   an  Institute  of   Chemical   Engineers — be 
formed? 

3A.Are  you  in  favour  of  the  formation  of  a  separate 
organisation  as  in  (3)  above  in  the  event  of 
failure,  on  account  of  legal  or  other  difficulties, 
to  establish  a  Group  or  Section  of  the  Society  of 
Chemical  Industry? 

4.  AYould  you  become  a  member  of  either  organisa- 
^    tion  in  (2)  or  (.3)  above? 

Na  me Aihlicss 

Profession 


Over  2000  letters  and  enclosures  as  above  speci- 
fied were  sent  out  during  August  and  September, 
1918,  to  members  of  the  Society  in  the  United  King- 
dom, and  nearly  800  replies  were  received.  Of 
these  over  85:;,  «ere  definitely  in  favour  of  the 
establishment  of  such  a  Chemical  Engineering 
organisation  as  was  proposed,  and  intimated  pre- 
ference for  its  formatiou  as  a  Section  of  the  Society 
of  Chemical  Industry;  75%  of  the  replies  favoured 
the  inauguration  of  a  separate  Institution  of 
Chemical  Engineers  if  any  difficulty  were  ex- 
perienced in  securing  inclusion  in,  or  affiliation 
with,  the  Society  of  Chemical  Industry.  The  Pro- 
visional Committee  also  sent  out  to  the  Committee 
and  Honorary  Secretaries  of  all  the  Local  Sections 
in  the  U.K.  invitations  to  hold  meetings  of  their 
Sections  to  consider  the  suggested  scheme,  and  con- 
ferences of  this  kind  were  callcxl  and  addressed  b.y 
different  members  of  the  Provisional  Committee  at 
Glasgow,  Liverpool,  Manchester,  and  Birmingham 
during  September  and  Octoter,  1918. 

The  Provisional  Committee  thereupon  met  the 
Council  Sub-committee  on  the  Proposed  Chemical 
Engineering  Group  on  October  4,  1918,  and  the  pro- 
posals which  had  been  circulated  in  the  afore- 
mentioned memorandum,  along  with  suggested 
rules  for  the  Group  whicli  had  been  drafted  by  the 
Provisional  Committee,  were  jointly  discussed.  The 
Council  Sub-committee  agreed  to  all  the  sugges- 
tions of  the  Provisional  Committee  with  slight 
alterations,  flaking  membership  of  the  proposed 
Group  open  to  any  member  of  the  Society,  wherever 
resident,  and  ensuring  for  the  Society  prior  right 
of  publication  of  matter  prepared  for  issue  under 
the  auspices  of  the  Group.  A  recommendation 
that  the  Chemical  Engineering  Group  be  pro- 
visionally recognised  was  made  to  the  Council  of 
the  Society  by  the  Sub-committee,  and  formal 
agreement  to  its  establishment  as  a  Subject  Group 
of  the  Society  was  given  bv  the  Council  at  the  meet- 
ing of  October  24.  1918.  Thereafter  the  Council 
Sub-committee  and  two  co-opted  members  of  the 
Provisional  Committee  of  the  Group  revised  and 
amended  the  draft  rules  of  the  Group  and  made 
alterations  in  the  By-laws  of  the  Society  to  permit 
of  the  formation  of  Subject  Groups  under  its 
control  and  supervision. 

The  Rules  of  the  Chemical  Engineering  Group 
were  approved  by  the  Council  of  the  Society  at  the 
meeting  of  April  30,  1919,  and  the  suggested  altera- 
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tions  iu  the  By-laws,  as  affecting  the  establishment 
and  representation  on  the  Council  of  Subject 
Groups,  were  handed  over  to  the  tlieu-existiug  By- 
laws Sub-committee  of  the  Council,  which  was  to 
report  to  the  Annual  General  Meeting  of  1920.  The 
Chemical  Engineering  Group  thus  became  formally 
established  and  recognised  as  an  integral  part  of 
the  Society  of  Chemical  Industry,  open  to  any 
member  of  the  Society,  no  matter  where  resident, 
on  payment  of  the  annual  Group  subscription,  and 
had,  at  the  close  of  1919,  510  members  on  its  roll. 

The  Committee  and  Officers  of  the  Group  for  1919, 
elected  at  the  Inaugural  Meeting  held  at  the  Aber- 
corn  Rooms,  London,  E.C.  2,  on  Friday,  March  21, 
1919,   and   subsequently,   are   given   below;- — 

Chairman:  Prof.  J.  W.  Hinchley,  Wh.Sc, 
A.R.S.M.,  F.I.C. 

Tice-Chairman:  E.  F.  AnMSTRONC,  D.Sc.,F.R.S., 
F.C.G.I.,  F.I.C. 

Eon.  Ticasiiffr:  *F.  H.  Rogers,  M.I.M.E. 
Hon.  Secretarij:  ♦H.  T.4lbot,  A.R.C.Sc,  B.Sc. 
*E.  A.  Alliott,  B.Sc.(Eng.),  A. M.I.M.E. 
*H.  J.  Bush,  M.Sc,  Ph.D. 
*C.  S.  G.inLAND,  A.R.C.Sc,  B.Sc,  F.I.G. 
*Capt.  C.  J.   Goodwin,  A.C.G.I.,  B.Sc.   (Eng.), 
A.M.Inst.C.E. 

*tH.  C.  Greenwood,  D.Sc,  F.I.C. 

H.  Grufiths,  A.R.C.Sc,  B.Sc. 

E.  HiiL,  A.R.C.Sc,  F.LC,  D.Sc 

H.  F.  V.  Little,  A.R.C.Sc,  B.Sc,  D.I.C. 


*A.  J.  LivBRSEDGE,  A.M.Inst.C.E. 

*W.  R.  Orm.\ndt,  D.Sc,  F.I.C,  M.I.Pet.Tech. 

J.  Arthur  Re.4vell,  M.I.M.E. 

HoiKjrary  Conespondents  or  Local  Sectional 
liepresentatives. 

Birmingham. — J.  C.  Sheldon,  Ivy  Cottage,  New 
Oscott,  Erdington,  Birmingham. 

Bristol. — E.  W.4LLS,  The  Garthe,  Percival  Road, 
Clifton,  Bristol. 

Edinburgh. — J.  W.  Rojianeb,  B.Sc,  Lothian 
Chemical  Co.,  3,  Broughton  Road,  Edinburgh. 

Glasgow. — W.  H.  Coleman,  1,  Athole  Gardens, 
Newlauds,  Glasgow. 

Liver  pool. —A.  Holt,  M.A.,  D.Sc,  F.I.C,  The 
University,  Liverpool. 

London. — A.  E.  Beery,  Boake,  Roberts  and  Co., 
Carpenter's  Road,  Stratford,  E.  15. 

Manchester. — Howard  Cheetham,  18,  St.  Ann 
Street,  Manchester. 

Nottingham.— 'E.  P.  Hedley,  A.R.C.Sc,  Ph.D., 
A. I.e.,  1,  Chesterfield  Villas,  Victoria  Avenue, 
Ockbrook,  nr.  Derby. 

Representatives  for  Newcastle  and  Leeds  have 
vet  to  be  appointed. 

H.  Talbot, 

Honorary  Secretary. 
24,  Buckingham  Street, 

Strand,  London,  "SV.C  2. 
January,  1920. 


*  Signifies  member  of  the  Provisional  Committee. 
t  Died  Kov.  4, 1919. 


FIRST   CONFERENCE. 


POWER   PLANT   IN    CHEMICAL  WORKS. 


LONDON,   JULY   i6,  1919, 


The  first  Conference  was  held  at  the  Salters'  Hall 
on  Wednesday,  July  16,  1919,  the  chair  being  oc- 
cupied by  the  President,  Prof.  Henry  Louis. 

The  President  expressed  his  great  pleasure  at 
being  able  to  open  the  proceedings  of  the  first  Con- 
ference of  the  i;ewly-founded  Chemical  Engineeriiig 
Group  of  the  Society,  which  was  setting  such  an 
excellent  example  of  energy  and  activity.  The 
work  of  the  Conference  was  of  exceptional  interest 
and  came  at  a  psychological  moment.  In  a  sense, 
practically  all  the  work  of  the  Conference  was  de- 
voted, directly  or  indirectly,  to  problems  of  fuel 
economy.  All  who  were  connected  with  engineering 
work  in  any  form  whatever  were  aware  of  the 
extreme  importance  from  the  technical  and  com- 
mercial point  of  view  of  exercising  the  utmost 
economy  in  the  use  of  fuel.  Possibly  in  this  country 
we  had  not  been  as  careful  in  that  respect  as  we 
might  have  been.  He  had  heard  it  said  that  one  of 
our  difficulties  had  been  that  coal  had  been  too 
cheap,  and  consequently  we  had  not  treated  it  with 
that  respect  which  it  deserved.  He  did  not  think 
that  reproach  would  be  uttered  any  more  in  the 
future.  We  were  faced  not  only  with  a  great  in- 
crease in  the  price  of  fuel — that  might  not  be  an 
unmixed  evil — but  we  were  face  to  face  with  a 
very  serious  diminution  in  the  output  of  coal,  and 
that,  on  the  contrary,  was  a  subject  of  the  utmost 
gravity.  Coal  was  the  only  material  for  export  in 
any  quantity  that  we  possessed  in  this  country,  and 
it  was  only  by  the  utilisation  of  that  raw  material 
that  this  country  could  live.  The  production  of 
coal,  therefore,  was  of  the  greatest  and  most  vital 
importance  to  the  whole  nation.  It  was  only  quite 
recently  that  the  public  had  been  rudely  awakened 
to  the  fact  that  our  coal  production  was  falling  off 
seriously.  As  usual,  the  British  public  never  saw 
any  trouble  coming  until  it  had  come.  Tliose  who 
had  been  in  close  touch  with  coal  mining  had  seen 
this  coming  for  many  years.  Many  of  them 
had  said,  and  had  had  no  hesitation  in  saying,  that 
the  moment  the  Minimum  Wage  Act  was  introduced 
the  coal  production  would  necessarily  fall  off. 
Facts  had  borne  out  only  too  accurately  the  truth 
of  that  prophecy,  and  with  every  successive  in- 
crease in  the  minimum  wage  there  had  been  a  corre- 
sponding diminution  in  output.  As  far  as  he  re- 
membered, the  coal  mining  industry  was  the  only 
industry  of  any  importance  that  had  a  definitely 
fixed  minimum  wage,  and  in  the  same  way  the  coal 
mining  industry  was  the  only  industry  of  any  im- 
portance in  which  the  output  per  man  engaged  had 
lieen  steadily  falling  off.  When  faced  with  these 
definite  fact-s,  it  was  difficult  to  avoid  the  definite 
conclusion  to  which  they  pointed,  and  he  personally 
was  convinced  that  the  low  outputs  to-day  were 
due  to  the  high  minimum  wage  and  to  the  fact  that 
whether  a  man  worked  or  not  he  got  his  i)ay.  A 
Durham  pitman's  explanation  of  the  minimum 
wage  was  that  it  was  what  they  received  for  going 
down  the  pit,  and  if  they  wanted  any  more  they 
must  work  for  it.  Many  of  the  miners  were  quite 
satisfied  with  the  minimum  wage,  and  as  long  as 
that  position  remained  we  should  be  faced  with  low 
production.  It  was  the  duty  of  those  in  the 
chemical  industry  to  make  the  best  of  these  condi- 
tions, and  to  see  that  be  the  output  great  or  small. 


it  was  utilised  to  the  utmost  fraction.  That  was  a 
I  big  problem,  and  it  was  essentially  one  to  which 
their  discussions  at  the  Conference  would  be  de- 
I  voted.  He  therefore  looked  upon  the  Conference 
as  of  importance  not  only  to  the  chemical  industry 
but  to  the  industries  of  the  nation  at  large.  They 
had  met  under  very  favourable  auspices  by  the  kind- 
ness of  the  Salters'  Company,  one  of  the  ancient 
City  Guilds,  who  had  so  kindly  placed  their  magni- 
ficent building  at  the  disposal  of  the  Society.  These 
Guilds  were  Associations  of  men  engaged  in  some 
particular  branch  of  commerce  or  industry  who 
met  together  and  worked  together  for  the  common 
good  of  the  particular  industry  with  which  they 
were  concerned.  They  were  perhaps  the  most 
democratic  institutions  that  could  be  imagined. 
Every  craftsman  had  had  a  free  voice  in  the  con- 
duct of  their  affairs ;  in  the  early  days  of  the  Guilds 
industry  was  not  dominated  by  a  comparatively 
small  caucus,  but  the  entire  industry  freely  and 
democratically  discussed  their  action  for  their 
common  good.  In  many  senses  these  Guilds  were 
the  predecessors  of  our  modern  Trades  Unions,  but 
there  was  one  essential  difference — the  Guilds 
punished  a  man  and  fined  him  if  he  did  bad  work 
or  did  too  little  work,  whilst  the  Trades  Unions  fined 
a  man  if  he  did  too  much  !  Until  the  Trades  Unions 
could  take  a  lesson  from  the  old  Guilds  and  act  on 
broad,  honest,  democratic  lines,  we  were  certain  to 
have  difficulties.  He  believed,  however,  that  gradu- 
ally and  slowly  the  lesson  v\  ould  penetrate  through 
all  ranks  in  the  country.  We  could  not  help  seeing 
that  the  greatness  of  Britain  had  been  built  up  by 
the  industries  which  the  old  Guilds  had  erected,  and 
if  we  wanted  to  maintain  our  industries  on  the  foot- 
ing to  which  they  had  been  brought  by  the  Guilds  we 
should  have  to  work  on  similar  lines  to  the  Guilds. 
These  two  points  were  necessarily  most  closely 
connected.  It  all  came  back  to  the  same  thing,  that 
if  we  wanted  to  maintain  our  position  as  a  nation 
we  must  produce  to  the  utmost  of  our  capacity,  and 
we  must  utilise  what  we  produced  to  the  very  best 
possible  advantage.  The  first  part  of  the  problem 
was  essentially  a  problem  of  the  worker;  the 
second  part  of  the  problem  was  essentially  a  prob- 
:  lem  for  the  scientist.  They  had  met  to  discuss  that 
1  particular  aspect  of  the  question,  and  all  the  papers 
which  were  to  be  read  tended  directly  or  indirectly 
in  that  direction.  In  opening  the  first  Conference 
of  the  Chemical  Engineering  Group  he  could  not  do 
better  than  call  upon  one  who  had  had  a  high 
leputation  for  many  years  as  a  chemical  engineer, 
and  who  had  shown  how  to  economise  and  utilise 
fuel  to  very  great  advantage,  viz..  M.  Paul  Kestner. 

M.  P.\rL  Kestxer  said  that  if  his  career  had  been 
successful  it  was  because  of  the  kind  welcome  he 
received  in  his  early  days  when  he  used  to  come  to 

I  this  country  as  an  inventor ;  he  received  more 
assistance  and  help  in  this  country  than  anywhere 
else.  One  often  heard  that  the  English  were  re- 
served and  conservative,  but  so  far  as  he  personally 
was  concerned  he  could  prove  that  that  was  not 
the  fact.  With  regard  to  the  work  of  the  Group, 
what  would  the  chemical  industry  be  without 
chemical  engineering?     It  coidd  be  said  that  the 

I   first  page  of  the  history  of  the  chemical  industry 
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had  been  written  in  England.  It  had  had  its  origin 
in  this  country,  and  vet  it  was  surprising  that  when 
English  people  wrote  about  ihemieal  engineering 
matters  they  very  often  forgot  the  names  of  English- 
men who  had  helped  to  found  the  industry.  For 
instance,  the  name  of  Howard,  the  inventor  of  the 
vacuum  pan,  was  most  familiar  abroad,  and  yet 
it  was  almost  totally  unknown  in  England.  He  was 
ver.v  glad  to  be  present  at  the  opening  of  this  first 
Conference,  to  see  that  chemical  engineering  was 
regarded  as  an  important  science,  a^d  also  to  wish 
tiie  new  Section  of  the  Society  of  Chemical  Industry 
every  prosj)erity. 

The  Peesidext  then  called  upon  Captain  Goodwin 
to  read  his  paper  on  "Waste-heat  Boilers  and 
Pulverised  Fuel  in  Chemical  Factoriee." 


WASTE-HEAT 
FUEL  IN 


B8ILERS  AND    PULVERISED 
CHEMICAL  FACTORIES. 


UY  C.   J.   CiOODWIX,  A.C.G.I.,  .\.M.INST,C.E,j  B.SC, 

Efficient  utilisation  of  fuel  of  ever.y  kind  is  an 
obvious  national  necessity,  and  while  fuel  costs  are 
not  always  a  vital  item  in  the  manufactured  cost 
of  chemical  products,  no  apology  is  necessary  for 
examining  the  possibilities  of  waste-heat  boilers 
and  pulverised  fuel  in  chemical  factories.  Of  their 
application  to  steelworks,  metallurgical  plant, 
cement  works  and  power  stations,  much  has  been 
written  ;  pulverised  fuel  in  particular  is  attracting 
full  attention  and  a  report  hy  Mr.  L.  C.  Harvey  is 
shortly  to  be  published  under  Government  auspices 
descriptive  of  latest  American  practice.* 

The  adoption  of  scientific  and  properly  proved 
devices  for  the  reduction  of  wa-ste  is  one  method  of 
securing  higher  economy  and  waste-heat  boilers  are 
selected  merelv  as  an  example ;  the  other  method, 
increase  in  primary  efficiency,  is  exemplified  by  the 
application  of  pulverised  fuel. 

Chemical  engineers  derive  neither  satisfaction 
nor  profit  from  general  descriptions  and  com- 
parisons of  plant  and  processes  nor  would  there  be 
room  for  them  in  this  contribution,  but  an  abbrevi- 
ated bibliography  regarding  pulverised  fuel  is 
appended  for  the  use  of  those  who  desire  to  6tudy 
the  subject  in  greater  detail. 

Part  I.     Waste-heat  'boilers. 

The  waste  heat  of  factor.v  chimne.vs  is  often  partly 
recovered  in  Green  or  other  economisers,  while  for 
puddling  and  other  metallurgical  furnaces  waste- 
heat  boilers  are  being  increasingly  adopted.  The 
heat  from  the  exhausts  of  internal  combustion 
engines  has,  however,  frequently  been  allowed  to 
go  to  waste,  while  in  chemical  factories  that  in  the 
gases  from  lime  kilns,  fusion  pots,  roasting,  rever- 
beratorv  and  other  furnaces  is  but  rarely  utilised. 

The  recoverable  heat  in  such  "waste"  gases 
depends  not  onl.v  on  their  temperature,  but  on  their 
average  specific  heat  and  the  reduction  in  tempera- 
ture which  is  permissible  before  corrosion  occurs. 
Furnace  gases  usually  consist  mainly  of  oxygen, 
nitrogen,  carbon  monoxide,  and  carbon  dioxide,  the 
.■-pecific  heat  of  the  first  three  being  0308  cal.  per 
cb.m. :  aqueous  vapour  may  be  taken  as  0'36o  and 
carbon  dioxide  0411  cal.  per  cb.m.  These  figures 
are  fairly  corrrect  at  about  200°  C.  and  are  suffi- 
ciently accurate  for  the  temperatures  usuall.v 
obtaining  in  waste-heat  boilers.  The  available  heat 
from  open  hearth  steel  furnaces  has  been  calcu- 
lated in  a  different  way  and  vcr.y  complet/ely  by 
T.  B.  Mackenzie,  who  also  deals  with  the  theoretical 
considerations  underlving  the  design  of  waste-heat 


*  "  Pulverised  coal  systems  in  America."  Special  Keport  Xo.  1. 
Fuel  Research  Board.  H.M.  Stationery  Office.  Price  2x.  6rf.  net. 
(Published  since  this  paper  was  written  :  see  J.S.C.I.,  1919,  190R). 
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boiIers,t  but  otherwise  the  literature  in  connection 
with  this  subject  seems  almost  non-existent. 

The  heat  in  calories,  H,  available  per  minute 
may  be  expressed  by  the  ecjuation 

H  =  SxQ(Ti-To). 

S  is  the  average  specific  heat  of  the  gases  in  calories 
per  cubic  metre;  0'32  may  be  taken  as  an  average 
figure  in  most  cases.  Q  is  the  quantity  of  gas  in 
cb.m.  per  minute,  T,  and  T,  are  the  initial  and  final 
temperatures  of  the  gases  in  °  C. 

If  in  any  particular  case  it  is  possible  to  reduce 
the  tomi)erature  of  the  gases  below  100°  C.  a  small 
allowance  must  be  made  for  the  latent  heat  of 
vaporisation  of  the  moisture  present,  which  then 
l>ecoines  available.  This  is  possible  when  the  gases 
leaving  the  boiler  pass  through  a  feed-water  heater; 
to  permit  of  this,  induced  draught  is  usually  neces- 
sary, and  every  precaution  must  be  taken  to  avoid 
excessive  corrosion  in  the  feed-water  heater  owing 
to  the  low  exit  temperature  of  the  gases. 

As  an  example  from  the  author's  experience, 
we  inav  take  the  case  of  a  lime  kiln  from  which 
60  cub.  metres  per  minute  of  gases  were  discharged 
at  an  average  temperature  of  525°  C.  As  a  certain 
amount  of  sulphur  dioxide  was  present,  it  was  not 
thought  advisable  in  the  first  instance  to  reduce  the 
temperature  of  the  gases  below  210°  C,  or  about 
40°  C.  above  the  temperature  of  the  steam  to  be 
generated.  The  available  heat  was  H  =  0"31x60 
X (525- 210)  =5859  calories  (23,300  B.Th.IT.)  per 
minute.  The  carbon  dioxide  in  the  gases  is  used 
in  the  electrolytic  manufacture  of  sodium  car- 
bonate and  chlorine,  and  artificial  cooling  was 
necessary  before  it  could  be  passed  into  the  cells. 
By  passing  the  gases  through  a  waste-heat  boiler 
having  a  thermal  efficiency  of  60%  and  allowing 
7*";,^  for  radiation  losses.  1700  lb.  of  steam  per  hour 
from  and  at  100°  C.  would  be  generated  at  a 
pressure  not  exceeding  100  lb.  per  square  inch,  and 
the  cost  of  artificial  cooling  "saved.  The  present  cost 
of  installing  such  a  boiler,  exclusive  of  pipework 
etc.,  would  be  about  £500. 


\V.iste-heat  Boiler  for  set  of  four  continuous  Vertical 
Gas  Retorts. 

Fig.  1. 

The  gas  and  coke  oven  industries  are  probabl.v 
the  principal  users  of  fuel  in  the  chemical  industry, 
and  it  seems  surprising  that  so  little  has  been  done 
in  the  past  to  utilise  fuU.v  the  available  heat  in 
suitable  cases.  In  gas  works  coke  is  no  longer  a 
drug  upon  the  market,  and  steam  is  required  for 
producers  and  various  processes.  In  these  and  in 
coke-oven  plant  working  regeneratively  the  objec- 
tion ma.v  be  raised  that  if  any  more  heat  is  taken 
out  of  the  gases  their  temperature  would  be  in- 
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sutliiicut  to  maintain  a  proper  draught;  intluccil 
draught  would  overcome  this  objection,  and,  given 
suitable  conditions  for  utilising  the  steam,  waste- 
heat  boilers  should  be  quite  remunerative  after 
allowing  for  the  power  required  to  drive  the  fans. 

Fig.  1  shows  one  possible  arrangement  of  a  waste- 
heat  boder  designed  by  the  Bonecourt  Waste  Heat 
Boiler  Co.,  Ltd.,  and"  ordered  as  a  trial  installa- 
tion for  a  standard  set  of  continuous  vertical 
retorts  working  under  natural  draught.  It  will 
he  noticed  that  by  adjustment  of  the  dampers  the 
volume  of  gas  passing  through  the  boiler  can  be 
adjusted  to  correspond  with  working  requirements. 
The  gases  enter  the  boiler  at  700°  C.  and  are 
purposely  designed  to  leave  at  300°  C.  in  order 
to  leave  'sufficient  draught  in  the  chimney ;  a  better 
utilisation  of  the  gases  would  be  possible  by  using 
induced  draught.  A  boiler  working  with  the  waste 
gases  from  a  single  retort  "setting"  will  give 
500  lb.  of  steam  per  hour  at  100  lb.  pressure,  so 
that  a  gas  works  comprising,  say,  60  retorts  could 
raise  7500  lb.  of  steam  per  hour  from  and  at  J00°  C. 
in  return  for  a  capital  outlay  of  about  £4000  and 
with  relatively  small  oiJerating  costs.  AVhen  the 
enormous  number  of  gas  retorts,  coke  ovens,  and 
also  future  low-temperature  distillation  plants  are 
considered,  it  is  evident  that  waste-heat  boilers 
should  be  increasingly  adopted  in  such  works  and 
in  connexion  with  utilisation  of  sensible  heat  in 
gases  produced  by  the  super-power  stations  and  by- 
product works  of  the  future. 

Taking  the  case  of  a  gas  engine,  tests  made  by 
the  Institution  of  Civil  Engineers  show  that  at  full 
load  about  38%  of  the  total  available  heat  in  the  gas 
is  exhausted  into  the  atmosphere  and  about  30% 
lost  in  the  water  jacket  and  by  radiation.  Taking  a 
1000  h.p.  gas  engine,  the  equivalent  full  load  st«am 
jiroduction  based  on  60  '  thermal  boiler  efficiency 
is  2250  Ih.  of  steam  per  hour,  equivalent  to  about 
280  lb.  of  coal.  Allowance  must  be  made  for  in- 
terest, depreciation,  maintenance,  etc.,  but,  taking 
coal  at  3os.  per  ton,  and  3.500  working  hours  per 
annum  for  the  gas  engine,  the  net  saving  would  be 
about  £4.50  a  year  on  a  capital  outlay  of  £600  to 
£800.  An  appreciable  additional  saving  can  be 
effected  by  using  the  preheated  water  from  the 
jacket  of  the  gas  engine  cylinder  as  boiler  feed. 

Important  advantages  are  claimed  for  the 
"  Still  "  combined  internal-combustion  and  steam 
engine  of  which  preliminary  details  have  just  been 
jiublished.*  The  principles  involved  may  be  con- 
sidered as  a  logical  extension  of  the  method  of 
utilising  the  waste  heat  from  gas  engines  outlined 
above,  and  comparisons  of  prime  and  operating 
costs  will  no  doubt  lead  to  considerable  controversy. 
It  would  seem,  however,  that  for  chemical  works 
where  gas  engines  are  installed,  the  use  of  a  waste- 
heat  boiler  is  usually  to  be  preferred. 

The  amount  of  steam  that  can  be  generated  in  a 
waste-heat  boiler  does  not  vary  greatly  with  the 
steam  pressure  required,  and  the  difference  betneen 
the  temperature  of  the  steam  generated  and  that 
of  the  gases  leaving  the  boiler  varies  between  30° 
and  80°  C,  according  to  the  type  of  fire-tube  boiler 
adopted. 

It  is  not  always  appreciated  that  waste-heat 
boilers  present  a  problem  quite  different  from  that 
of  an  ordinary  boiler,  and  it  is  a  common  fallacy  to 
suppose  that  the  ordinary  standard  type  of  water- 
tube  or  fire-tube  boiler  will  work  really  efficiently 
as  a  waste-heat  boiler.  Actually  the  surface  ex- 
posed to  the  gases  and  the  length  and  number  of 
the  tubes  used  require  to  be  carefully  calculated  to 
suit  each  individual  case  in  order  that  really  good 
results  may  be  obtained.  In  ~the  author's  opinion 
fire-tube  boilers  are  usually  preferable  hccatise  it  is 
impossible  for  air  to  leak  into  the  waste  gases  and 
so  cool   them.     Leakage  of  air   through  the  brick 

•  Engineering.  May  30,  1919,  page  708. 


setting  and  excessive  radiation  are,  on  the  other 
hand,  the  great  drawbacks  of  water-tube  boilers 
used  for  the  recovery  of  waste  heat,  esi^ecially 
when  working  with  induced  draught. 

The  following  table  in  regard  to  a  few  sources  of 
waste  heat  may  be  useful  as  indicating  what  may 
be  possible  in  analogous  cases:  — 


sg 

s-l 

u 

_2 

riaut 

%of 
oxy- 
gen in 

=1 

11 

m 

iti 

5?<       Sfog, 
-1.  S   =5Sg 

—  ?■  ^  =  c  r  ° 

pro- 

6° 

sis 

o  o^ 

^gp-  =i&" 

ducts 

III 

2"? 

l^SS, 

e,    « 

Non  -  regenerative 

col;e  oven 

100 

1100°C. 

810 

70-80 

72-83 

10-9 

Regenerative  coke 

oven     . . 

100 

tjoo°c. 

42-2 

55-05 

00-70 

10-9 

-Regenerative  cyu 

hearth    furuace 

using    producer 

gas 

5-0 

300°C. 

330 

48-CO 

55-07 

10-5 

Gas     engine     full 

load 

90 

480°C. 

41-0 

47-57 

56-C6 

13-4 

Kegenerative    gas 

worIi3      retorts 

using    producer 

gas 

U-7 

410°C. 

42-7 

33-30 

41-61 

170. 

Regenerative  glass 

furnace      using 

producer  gas  . . 

■2-9 

410°C. 

23-9 

33-50 

40-00 

9-4 

In  chemical  processes  high  steam  pressure  is  the 
exception,  and  in  many  factories  quantities  of  hot 
water  are  required  or  can  be  efficiently  utilised. 
Waste-heat  boilers  are  therefore  particularly  suit- 
able  for   chemical    factories.     For   gas   engine   in- 
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Fig.  2. 

stallations  of  less  than  100  h.p.  the  amount  of 
steam  that  can  be  generated  is  usually  too  small 
to  be  of  any  practical  use,  but  in  such  cases  con- 
siderable economies  mav  he   effected  bv  installing 
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water  heaters  instead  of  boilers.  lu  conjuuction 
with  a  gas  engine  between  10  and  18  gallons  of 
water  can  be  raised  from  15°  to  90°  C.  per  B.H.P. 
hour  in  return  for  a  very  small  capital  outlay.  Fig. 
2  shows  in  part  section  a  "  Ruston  "  type  water 
heater  which  is  neat  and  simple  in  design ;  these 
heaters  should  be  made  of  a  special  grade  of  cast 
iron  or  else  "  calorised  "  as  described  below. 

In  some  chemical  factories  both  high  pressure 
and  low  pressure  steam  are  often  required,  the 
former  for  power  and  the  latter  for  evaporation  and 
other  processes.  Proposals  have  been  made  to 
operate  turbines  or  steam  engines  with  high 
pressure  steam  discharging  at  about  60  lb.  per  sq. 
in.  for  use  as  low  pressure  steam  throughout  the 
works.  The  economics  of  this  proposal,  by  which 
the  turbine  or  steam  engine  practically  acts  as  a 
reducing  valve,  are  somewhat  controversial.  The 
use  of  waste-heat  boilers  will,  however,  often  reduce 
the  coal  bill  and  save  long  lengths  of  steam  pipe- 
work. Except  for  purposes  of  power  generation 
and  to  keep  steam  dry,  waste-heat  boilers  in 
chemical  factories  should  not  be  provided  with 
superheaters.  For  normal  types  of  evaporators, 
heaters,  and  the  like  a  slight  degree  of  superheat 
is  only  required  to  compensate  for  condensation  in 
a  long  steam  pipe  line,  and  it  is  a  common  fallacy 
to  imagine  that  superheated  steam  is  an  advantage 
when  used  in  evaporators.  Superheated  steam  in 
such  cases  acts  like  a  gas  and  the  rate  of  heat  trans- 


waste  heat  from  industrial  furnace  gases.  The 
efficiency  of  heat  transmission  is  high  both  on 
account  of  increased  "  thermic  head  "  or  difference 
of  temperature,  and  because  the  heat  transfer  is 
from  a  liquid. 

The  waste  gases  from  many  processes  contain 
appreciable  amounts  of  dust  or  noxious  gases.  Dust 
is  a  frequent  source  of  trouble  in  waste-heat  boilers 
of  the  ordinary  water-tube  or  fire-tube  tyi^e,  the 
dust  settling  on  the  water-tubes  and  brickwork  con- 
taining them,  or  tending  to  choke  up  the  fire-tubes. 
The  obvious  remedy  is  to  increase  the  velocity  of 
the  gases  sufficiently  to  prevent  deposition  of  dust, 
but  in  the  usual  types  of  boilers  this  is  only  possible 
at  the  expense  of  efficiency.  The  Bonec-ourt  Com- 
]5any  have  overcome  the  difficulty  b.y  using  an  inner 
jnetal  tube,  as  shown  in  Fig.  3,  the  diameter  of 
which  is  accurately  calculated  to  give  the  desired 
velocity  in  any  given  case.  The  use  of  the  inner 
tube  also  eliminates  the  relatively  inactive  central 
core  of  hot  gas  and  enables  fire-tubes  of  greater 
diameter  to  be  used.  Much  will  depend  upon  the 
nature  of  the  dust  in  calculating  the  necessary 
velocity,  which  varies  between  tliat  corresponding 
to  a  draught  of  between  1"  and  4"  of  water.  The 
author  has  also  devised  a  method  of  breaking  up 
this  hot  core  of  gas*  consisting  of  spirals  placed 
inside  the  tube  at  intervals  of  about  six  feet,  the 
spiral  being  made  with  a  pitch  decreasing  in  the 
direction  of  the  gas  flow. 
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Fig.  3. 


mission  is  less  than  when  practically  dry  steam  is 
used,  in  which  case  condensation  of  the  steam  plays 
an  important  part. 

On  the  other  hand,  high  temperatures  are 
required  for  certain  processes  such  as  asphalt  melt- 
ing plant,  oil  stills,  and  various  kinds  of  heat  treat- 
ment. 'When  high  pressure  steam  as  distinct  from 
superheated  steam  is  used,  the  apparatus  must  be 
strong  enough  to  withstand  the  stresses  due  to  the 
steam  pressure,  and  this  often  makes  design 
difficult  or  oven  impossible.  In  such  cases  the 
Merrill  patent  iirocess  of  fluid  heat  transmission  is 
often  applicable  and  is  mentione<l  here  as  it  would 
sometimes  come  under  the  category  of  a  utiliser  of 
waste  heat.  In  the  Merrill  process  a  highly  refined 
and  filtered  hydrocarbon  mineral  oil  (free  from 
carbon  and  having  a  flash-point  of  315°  C.  and 
upwards)  is  continuously  circulated  through  the 
apparatus  and  through  nests  of  heating  tubes  or 
absorber  coils,  nhich  latter  are  either  direct  fired 
in  a  Dutch  oven  or  may  be  adapted  to  utilise  the 


Tubular  boilers  have  been  successfully  used  in 
conjunction  with  arc  processes  for  nitrogen  fixation, 
the  tubes  being  unaffected  by  the  nitric  oxide  pre- 
sent at  the  temperaiures  used.  For  high  tempera- 
tures, and  in  cases  where  sulphur  dioxide  is  present 
at  low  temperatures,  "  calorising  "  or  other  pro- 
tection for  the  tubes  is  necessary.  "  Calorised  " 
tubes  are  now  commercially  available,  the  tubes, 
which  may  be  of  steel,  copper,  brass,  or  other  metal, 
being  heated  in  stationary  or  rotary  retorts  in  a 
reducing  atmosphere,  with  a  mixture  containing 
finely  divided  aluminium.  This  treatment  con- 
ducted at  a  high  temperature  forms  a  homogeneous 
aluminium  alloy  for  a  certain  depth  in  the  tube 
varying  from  a  few  thousandths  of  an  inch  to  the 
permeation  of  the  entire  mass.  Calorised  tubes 
are  almost  immune  from  burning,  scaling,  rusting, 
or  corrosion,  and  are  likel.v  to  find  increasing 
application  not  only  for  waste-heat  boilers  and  their 
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feed-water  heaters  but  for  pyrometer  tubes,  furnace 
castings,  and  chemical  plant  generally.  Their  use 
in  feed-water  heaters  should  in  many  cases 
eliminate  the  danger  of  corrosion  referred  to  pre- 
viously and  should  enable  the  heat  contained  in 
waste  gases  (particularly  where  sulphur  dioxide  is 
present)  to  be  more  completely  utilised. 

Part  II.     Puh-erised  fuel. 

The  modern  tendency  in  regard  to  fuel  economy 
aims  at  the  prevention  of  the  use  of  any  coal  in  the 
raw  state.  Distillation  of  coal  is,  however,  a  long 
way  from  being  universal,  and  is  not  usually  appli- 
cable in  the  case  of  inferior  or  small  graded  fuel. 
The  use  of  pulverised  fuel  in  the  raw  state  is 
essential  only  in  isolated  cases,  such  as  the  cement 
industry,  and  while  its  use  will  undoubtedly  be 
greatly  extended  in  the  present  transition  period 
owing' to  the  immediate  saving  in  fuel  that  can  be 
effected,  its  ultimate  economic  value  and  applica- 
tion lie  rather  in  the  possibilities  of  using  inferior 
fuels,  and  of  such  coal  and  coal  dust  as  have  so  far 
Ijeen  considered  commercially  useless  and  have  been 
dumped  or  left  in  the  mine. 

The  combustion  of  pulverised  fuel  partakes  per- 
haps more  of  the  nature  of  chemical  engineering 
than  the  subject  of  waste-heat  boilers,  and  it  is 
hoped  that  the  following  data  and  general  con- 
siderations will  be  of  guidance.  The  subject  is 
such  a  large  one  that  for  the  present  purpose  it  was 
not  desirable  to  do  more  than  bring  out  salient 
points  and  useful  facts  and  figiires  derived  from  so 
many  sources  that  it  would  be  impossible  to  make 
acknowledgment  to  all  of  them.  A  considerable 
amount  of  new  matter  has,  however,  been  added 
together  with  expressions  of  opinion  in  regard  to 
controversial  points. 


;   sulphur  has  actuidly  been  burnt  in 
30%  volatile  and  6  to  10%  ash  would 
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1.  yature  of  fuel. — Practically  any  quality  of 
fuel — bituminous,  anthracite,  peat  and  lignite — 
can  be  burnt  successfully.  Choice  of  fuel  is  not 
entirely  governed  by  its  cost  per  unit  of  calorific 
value.  The  quality  rather  than  the  quantity  of  ash 
is  of  the  greatest  importance,  also  the  sulphur  con- 
tent, which  should  not  normally  exceed  1  % ,  though 
as  much  as  4  %  and  more  has  been  found  permissible 
under  boilers.    Bituminous  coal  with  28%   ash  and 


averaging  6; 
locomotives, 
be  ideal. 

2.  Excess  air  and  temperature. — Fig.  4  shows  the 
effect  of  excess  air  on  the  calculated  temperature 
attained  in  burning  carbon,  the  figures  being  due 
to  H.  G.  Barnlmrst.  In  a  hand-fired  grate  100  i 
to  200';  or  even  more  exc-ess  air  is  required  and 
about  .50  with  mechanical  stokers.  With  pul- 
verised fuel  about  20.0  is  practically  standard  and 
considerably  less  can  be  used  with  careful  control. 
The  carbon  dioxide  content  of  the  flue  gases  when 
using  the  theoretical  amount  of  air  is  20"7%  and 
the  loss  in  efficiency  when  this  is  reduced  to  11% 
is  only  about  5  . .  *  Further  reduction  in  the  CX), 
content  entails  rapidly  increasing  loss  in  efficiency, 
the  loss  being  as  high  as  2.5%  of  the  total  fuel 
burned  when  the  CO,  content  falls  to  about  6%  as 
in  hand-firing  practice.  With  powdered  fuel  15  % 
CO,  represents  good  average  practice.  Similarly 
the'higher  flame  temperature  is  obviously  conducive 
to  more  rapid  heat  transference  and  therefore 
higher  efficiency.  With  inferior  fuels  containing 
considerable  percentages  of  ash  the  flame  tempera- 
ture and  efficiency  are  materially  reduc-ed  and,  as 
previously  stated,  particular  attention  must  be  paid 
to  the  quality  and  properties  of  the  ash  and  to  its 
action  on  the  brickwork.  In  fact,  before  using 
inferior  powdered  fuel  very  thorough  investigation, 
particvilarly  as  regards  prime  and  operating  costs, 
is  essentiaf.  In  regard  to  the  measurement  of  CO, 
content  it  should  be  noted  that  for  controlling  the 
combustion  of  pulverised  fuel  it  is  simpler  to 
measure  the  volume  of  air  used  than  to  take  the 
CO.  content  of  the  chimney  gases,  as  the  variation 
in  the  latter  is  much  less  in  proportion. 

Modern  refractories  are  now  able  to  cope  with 
the  high  temperatures  obtaining  in  the  combustion 
chambers  without  artificial  cooling  devices  such  as 
embedded  cooling  coils  or  secondary  air  blasts. 
Zirconia  bricks  will  probably  be  of  great  value. 
Correct  proportioning  of  the  combustion  space  is  of 
vital  importance,  and  about  1  cubic  foot  is  usually 
required  for  every  3  lb.  of  coal  burned  per  hour. 

3.  Pulverising.— 95%  through  100  mesh  and  82  to 
So  %  through  200  is  now  practically  standard.  The 
average  fineness  is  600  mesh  or  less,  and  the  surface 
exposed  to  oxidation  or  combustion  is  about  26 
square  feet  per  pound ;  combustion  is  therefore 
almost  instantaneous.  Pulverised  coal  weighs  be- 
tween 38  and  4-5  lb.  per  cub.  ft.  and  has  an  angle 
of  repose  of  15°— 20°. 

4.  Drying. — The  moisture  content  is  usually  re- 
duced to  at  most  1 '(  before  use.  It  is  quite  possible 
to  burn  powdered  fuel  containing  4%  of  moisture, 
but  it  seems  well  established  that,  apart  from  in- 
conveniences such  as  the  possibility  of  freezing 
and  agglomeration  during  storage,  the  loss  of 
efficiency  due  to  vaporising  and  superheating  the 
extra  moisture  content  in  the  furnace  counter- 
balances the  fuel  required  for  drying.  The  overall 
cost  of  dr.ving.  however,  is  greater  than  the  value 
of  the  heat  lost  in  vaporising  the  moisture  in  the 
coal,  and  drying  is  mainly  justified  by  the  necessity 
of  this  operation  for  satisfactory  pulverising, 
transportation,  and  storage  in  large  plants. 
Actually  if  2%'  of  moisture  is  removed  from  the  coal 
By  drying,  this  is  only  e<iuivalent  to  about  2-5°'  of 
that  contained  in  the  air  used  for  combustion  (based 
on  the  yearly  average)  and  (allowing  for  the  latent 
heat  of  vaporisation  which  has  to  be  imparted  to 
the  moisture  content  of  the  coal)  may  be  taken  as 
roughly  equivalent  to  that  contained  in  the  com- 
bustion air.  It  follows  that  for  small  self-contained 
pulveriser  units,  the  cost  of  drying  is  not  iLsually 
justified.  Tliis  point  is  emphasised  bv  tests  re- 
cently carried  out  by  E.  R.  Knowles  on  an  "  Aero  " 
self-contained  pulverising  unit  of  -5000  lb.  per  hour 
capacity.  It  was  found  that  coal  containing  4% 
of  moisture  (of  which  }%   was  combined  moisture) 
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«as  delivered  to  the  collector  with  only  i  %  of 
moisture  or  entirely  free  of  surface  moisture,  the 
latter  havini:  becii  absorbed  by  the  air  during 
Ijulvcrisation.  In  another  t-est  wet  coal  containing 
164  ;  of  moisture  was  delivered  to  the  collector 
with  only  4"4;V  of  moisture.  It  should  be  noted  that 
sudi  results  can  only  be  obtained  by  air  separation 
as  moist  coal  would  "choke  up  any  screening  device. 

■5.  Ash. — Of  the  ash  content  60",  can  be  collected 
as  fused  or  semi-fused  slag  and  may  be  run  into  a 
wat-er-filled  pit;  '-hard"  and  "  soft  "'  clinker  are 
removed  by  blowing  in  steam  occasionally  or  by 
mechanical  means.  The  remainder  of  the  a.sh 
probably  goes  up  the  chimney  as  a  very  line  white 
powder,  which  seems  to  cause  no  inconvenience  in 
large  towns. 

C.  Costs  and  c fficiencics. ^-'With  power  at  say  0'7(/. 
per  kw.  hour,  pulverising  varies  from  Is.  6(/.  per 
ton  for  a  10-tou  per  hour  plant  to  '2s.  per  ton  for  a 
2-ton  plant.  Labour  represents  alxiut  4(/.  in  tJie 
former  and  9''.  in  the  latter  case,  two  men  being 
required  for  either. 

A  rotary  dryer  6  ft.  in  diameter  and  35  ft.  long 
will  dry  about  10  tons  per  hour  of  coal  of  "  and 
under  to  about  U-5  '  moisture,  using  about  2  ;  of 
fuel.  If  the  furnace  is  close  to  the  pulverising  plant 
the  waste  gases  can  be  vised  for  drying  the  coal. 

Inclusive  of  unloading,  screening,  removing 
'■  tramp  iron,"  drying,  grinding,  and  conveying  to 


about  3^.  6(/.  to  is.  per  ton  of  fuel  exclusive  of  the 
c-ost  of  the  fuel.  15 — 25  kw.  hours  are  required  per 
ton. 

iiener-al  considerations. — Pulverised  fuel  is  almost 
comparable  in  use  and  convenience  to  fuel  oil  or 
industrial  gases,  and  combustion  is  smokeless  and 
very  complete.  Temperature  control  and  variation 
are  easy,  the  desired  temperature  is  very  quickly 
attained,  there  are  no  stand-by  losses,  or  loss  of  fuel 
as  on  a  grate  when  a  furnace  is  stopped,  there  is 
less  ash  left  for  disposal,  and  overloads  up  to  about 
200,%  can  be  quickly  met.  For  chemical  and  metal- 
lurgical work  it  is  iM)Ssible  to  maintain  either  an 
oxidising,  neutral,  or  reducing  atmosphere.  Screen- 
ings and  coal  dust  can  be  used  to  advantage  in  the 
powdered  form  and  no  grading  of  coal  is  required. 
.\part  from  the  i)Ossibility  of  using  coal  of  inferior 
analysis,  the  author  has  suggested*  that  the  semi- 
fuel  resulting  from  low-temperature  carbonisation, 
and  particularly  the  dust  inevitably  resulting  dur- 
ing transiwrt  owing  to  its  rather  friable  nature, 
should  be  utilised  in  powdered  form;  it  might  also 
be  jx)ssible  to  carry  out  low-t-emperature  distillation 
of  coal  in  pulverised  form  and  then  to  burn  the 
resulting  semi-coke  in  pulverised  form,  the  waste 
gases  from  the  latter  process  being  used  to  provide 
a  neutral  atmosphere  for  carrying  away  the  pro- 
ducts of  distillatiou  and  to  keep  the  powdered  coal 
in  suspension. 
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the  furnace  2*.  61/.  per  ton  would  be  an  average 
figure  (including  wages)  for  preijaring  the  fuel  in 
a  large  plant.  Against  these  costs  economies  in  fuel 
of  between  15  ;,  and  30%  have  been  realised,  the 
saving  being  even  greater  when  a  comparison  is 
made  between  pulverised  coal  and  producer  gas  in 
open  hearth  and  other  steel  furnaces. 

The  cost  of  installation  is  about  the  same  as  for 
a  producer  gas  plant  of  equal  capacity,  and  accord-- 
ing  to  a  British  quotation  rec-eived  in  April,  1919, 
a  plant  to  burn  about  2t),000  tons  of  pulverised  coal 
per  annum  would  cost  about  £14.500.  The  total 
operating  cost  including  depreciation,  interest  on 
capital,    insurance,    taxes,    wages,   etc.,    would    be 


The  three  chief  types  of  powdered  fuel  ijlant 
are  :  — - 

(a)  Screw  conveyor  systems  combined  with  stor- 
age bins  and  fans  at  each  furnace  unit. 

(fc)  Combined  pulverisers  and  fans  on  the  induced 
draught  principle,  one  unit  being  provided  for  each 
fnrnace  unit;  (n)  and  Qj)  are  particularly  applicable 
in  power  plant,  steelworks,  etc.,  where  the  units 
to  be  heated  are  large  and  are  conveniently  placed 
in  relation  to  each  other,  though  very  small  units 
have  also  been  successfully  used. 


•  J.S.'C.I..  1918.  219r. 
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(()  The  "  piioiimatic  "  s.vst«m,  in  whicli  tlie  pul- 
vciiscd  I'lU'l  is  i;iniocl  in  air  siispcnsinn  in  n  tlospil 
circuit  anil  siniply  tapiicil  off  as  an<l  wlicrc  rcqinicil 
to  units  of  any  sizo.  This  system  is  probably  tliat 
most  suitable  for  ihemical  works,  as  it  enables  tlie 
pulverising  plant  to  be  concentrato<l  and  avoids  the 
transport  and  storage  of  fuel  throughout  the  plant. 
The  maximum  practicable  distance  of  transmission 
from  the  central  pulverising  plant  is  about  7.50  feet, 
but  by  inserting  ;T  booster  blower  in  the  main  or  by 
providing  sub-stations,  the  distance  can  be  in- 
creased to  cover  a  very  large  area. 

The  amount  of  "  primary  "  air  used  for  "  carry- 
ing "  the  pulverised  fuel  is  about  one-half  that 
required  for  combustion,  the  balance  being  admitted 
at  the  furnace  unit  from  a  secondary  air  main. 
It  is  important  that  the  amount  of  primary  air 
should  be  less  than  that  giving  an  explosive  mix- 
ture. 

Fig.  5  shows  a  typical  lay-out ;  the  absence  of  the 
special  fuel  handling  and  distributing   appliances 
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oil.  while  at  the  same  time  the  sulphur  content 
is  reduced. 

Further  researcli  in  colloidal  fuel  and  in  regard 
til  the  tixer  presents  a  good  field  for  the  chemical 
engineer  in  connexion  with  the  utilisation  of  wast<' 
prodnct-s.  and  while  during  the  war  colloidal  fuel 
has  been  mainly  of  interest  for  use  in  sub- 
marines and  patrol  vessels,  the  prospect  of  oil  in 
Derbyshire  may  render  itsUse  profitable  in  indus- 
try, particularl.v  if,  as  is  probabl.v  the  case,  it  can 
be  used  for  raising  st-eam  in  the  very  efficient 
"  Bonecourt  "  gas-fired  type  of  boiler,  suitably 
modified.  It  is  also  within  the  bounds  of  possibilit.v 
that  powdered  fuel  can  be  burnt  in  such  a  boiler, 
using  say  a  zirconia  refractory  filling.  The  diffi- 
culties in  design  are,  however,  very  great. 

Application  in  chemical  varies. — Apart  from 
boiler  plant,  pulverised  fuel  should  be  applicable 
in  many  cases  where  industrial  gases  are  now  used, 
and  in  reverherator.v  and  roasting  furnaces  of  all 
kinds.     Tlie  experience  gained  in  cement  works  will 
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and  facilities  which  often  take  up  much  valuable 
floor  space  in  a  chemical  works  will  be  noted. 

Colloidal  fuel. — AMien  pulverised  fuel  is  added 
to  fuel  oil  together  with  about  1%  of  a  "fixer," 
the  latter  cau.ses  the  powdered  fuel  to  remain  in 
a  state  of  suspension  for  a  month  or  mere.  The 
resulting  fuel  can  be  burnt  in  exactly  the  same 
wa.v  and  in  the  same  burners  as  the  original  fuel 
oil.  Various  mixtures  of  this  kind  have  already 
been  successfully  tried,  using  inferior  materials 
such  as  coke,  coal  containing  25%  ashj  anthracite 
"culm"  or  washings,  crude  oil  coke,  coal  tar. 
petroleum  pitch,  wax  tailings,  etc.* 

The  calorific  value  of  one  gallon  of  colloidal  fuel 
is  equal   to   or   greater   than   that  of  the  original 

•  Subin.irinc  Defence  AssocLition,  New  York.  See  J.S  CT  1919 
165  K. 


find  due  application  in  other  rotary  kilns  such  as 
those  treating  greensand  and  felspar  for  potash 
rec'overy,  alunite,  bauxite,  etc.  Mechanical  salt- 
cake  furnaces,  sodium  sulphide  furnaces,  roasters, 
dryers,  oil  stills,  oil  cracking  processes,  and  many 
other  heat  treatments  readily  suggest  themselves, 
and  in  these  days  of  accurate  and  scientific  control 
the  use  of  pulverised  fuel  presents  undeniable 
advantages.  Perhaps  the  greatest  attraction  is  the 
possibility  of  materially  reducing  the  number  of 
operatives,  two  men  being  able  to  attend  to  .several 
units,  manual  labour  being  practically  eliminated, 
and  supervision  and  cost-keeping  simplified. 

Coke  is  largely  used  in  chemical  works,  and  the 
mixing  of  coal  of  high  volatile  content  with  coke 
readily  suggests  itself.  It  is  unversally  stated 
that  powdered  coke  has  been  tried  and  cannot  be 
used  as  a  fuel.  This,  in  the  author's  opinion,  is, 
however,    too  sweeping   a   statement,    and   further 
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trials  under  correct  temperature  and  other  condi- 
tions should  be  well  worth  while. 

In  a  Belgian  factory,  powdered  coal  was  used 
for  making  sodium  aluminate  from  a  mixture  of 
bauxite,  sodium  suljihate,  and  carbon,  a  neutral 
or  slightly  reducing  atmosphere  being  necessary. 
The  supply  of  coal  having  been  cut  oif  temixjrarily 
powdered  coke  was  tried"  and  found  quite  satis- 
factory provided  that  the  combustion  space  was 
kept  nearly  white  hot.  For  starting  up,  coal  was 
essential,  but  this  example  seems  to  show  that, 
using  high-grade  refractory  linings,  powdered  coke 
may  have  possibilities  in  other  processes. 

General  notes. — In  connection  with  the  use  of 
waste-heat  boilers  in  conjunction  with  furnaces, 
the  point  is  often  made  that  the  boiler  would  be 
idle  while  the  furnace  is  not  in  operation.  This 
may  be  overcome,  though  with  some  loss  in 
efiSciency,  by  providing  an  auxiliary  powdered  fuel 
burner  and  if  necessary  a  combustion  chamber  for 
the  waste-heat  boiler,  the  powdered  fuel  being 
turned  on  when  the  supply  to  the  furnace  is  shut 
off,  or  when  the  rate  of  steaming  requires  to  be 
increased. 

In  conclusion,  a  suggestion  as  to  the  possibility 
of  the  combined  use  of  pulverised  fuel  and  waste- 
heat  boilers  in  chemical  works  may  not  be  out  of 
place.  Fig.  6  .shows  in  diagrammatic  form  a  water- 
tube  boiler  fired  with  pulverised  fuel  directly  con- 
nected to  a  waste-heat  boiler  and  feed-water  heater. 
By  allowing  the  products  of  combustion  to  leave 
tlie  water-tube  boiler  at  a  temperature  about  200° 
or  .300°  C.  higher  than  is  usual,  and  then  fully 
utilising  the  remaining  available  heat  in  a  well- 
designed  waste-heat  boiler,  a  greater  overall 
thermal  efficiency,  together  with  increased  output 
and  overload  capacity  at  a  lower  cost  per  unit 
of  steam  generated,  would  be  attained  than  in  a 
single  boiler  unit  of  standard  type  fitted  with,  say. 
a  Green's  economiser,  Tlie  calculations  in  support 
of  this  contention  are,  however,  outside  the  scope 
of  this  paper. 

The  suggested  combination  is  one  peculiarly  suit- 
able for  chemical  works,  as  the  water-tube  boiler 
could  supply  high-pressure  steam  for  power  at 
say  300  lb.  pressure,  while  the  waste-heat  boiler 
would  furnish  low-pressure  steam  for  evaporation 
and  processes.  The  high-pressure  main  would  be 
connected  to  the  low-pressure  main  through  a 
reducing  value  and  thus  act  as  a  stand-by.  The 
waste-heat  boiler  in  this  case  would  be  of  the 
double  tul>e  type  previously  referred  to  in  order 
to  prevent  deposition  of  dust  from  the  powdered 
fuel. 

Tliis  arrangement  presents  a  further  advantage 
in  that  very  pure  water  is  only  required  for  the 
water-tube  boiler,  to  which  the  condensed  steam 
from  turbines  or  the  like  is  returned.  The  con- 
densed steam  from  evaporation  and  process  work 
cannot  usually  be  returned  to  the  boiler  and  the 
ordinary  sources  of  water  supply  can  therefore  be 
used  for  the  waste-heat  boiler. 

This  combination  is,  of  course,  also  possible  with 
Lancashire  and  other  types  of  boiler.  Sudden 
demands  for  steam  may  be  met  by  increased  fuel 
supply  and  by  reduced  feed-water  supply  to  the 
waste-heat  boiler. 

While  it  has  been  impossible  to  do  more  than 
touch  upon  the  fringe  of  these  subjects,  it  is  hoped 
that  this  contribution  will  have  demonstrated  that 
waste-heat  boilers,  and  particularly  pulverised  fuel, 
can,  given  suitable  conditions,  be  successfully 
utilised  in  many  chemical  works  and  both  in  small 
and  in  large  units.  It  is  for  the  works  manager 
and  chemical  engineer  to  take  stock  of  their  possi- 
bilities during  the  period  of  reconstruction  and 
thus  to  co-operate  in  the  national  need  of  fuel 
economy. 
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DiSCITSSIOX. 

Captain  GoODWix,  in  the  course  of  some  supple- 
mentary remarks,  said  he  thought  that  the  gas  in- 
dustiy  would  probably  do  its  full  share  as  regards 
economy  in  the  present  altered  circumstances,  but 
would  this  be  the  case  with  the  rest  of  the  chemical 
industry?  In  the  future  chemical  factories  would  . 
be  judged  by  what  they  did  both  in  the  national  as 
well  as  in  their  own  interest,  and  at  the  latest  price 
for  coal  every  source  of  waste  heat  might  be  worthy 
of  serious  examination.  As  an  extreme  case,  even 
the  water  used  for  cooling  powdered-fuel  burners 
should  be  utilised.  'When  waste-heat  boilers  had 
been  first  thought  of.  the  chief  principle  in  regard 
to  their  use  had  really  been  non-interference  with 
the  operation  of  the  primary  furnace,  particularly 
as  regards  chimney  draught.  Experience  had 
shown  that  induced  draught  not  only  paid,  but  was 
conducive  to  regularity  and  convenience  in  working. 

The  use  of  powdered  fuel  had  long  been  considered 
a  failure  in  this  country,  because  except  in  cement 
works  it  was  not  properly  understood  and  the  prin- 
ciples of  its  application  had  not  been  thoroughly 
worked  out  by  chemical  engineers.  As  in  America 
alone  11  million  tons  was  burned  annually,  it  was 
now  evidently  a  serious  factor,  although  in  this 
country  we  should  have  to  confine  our  attention 
chiefly  to  semi-fuels,  to  anthracite  dust,  inferior 
coals,  and  lignite.  Maximum  flame  temperature 
was  of  great  importance  and  was  affected  by 
moisture  content  as  well  as  by  ash  and  excess  air. 
Thus  in  the  "Aero"  pulveriser,  in  which  the  coal 
was  dried  during  the  process  of  pulverisation,  the 
whole  of  the  moisture  was  not  eliminated  as  in  a 
dryer,  but  went  forward  with  the  fuel  into  the 
furnace,  so  that  only  the  heat  of  vaporisation  was 
saved  at  the  expense  of  a  reduction  in  flame  tem- 
perature. He  had  referred  to  the  "compound" 
boiler  installation  with  some  diffidence,  but  the 
analogy  between  this  and  the  compound  steam 
engine  and  its  economy  was  evident  and  en- 
couraged him  to  make  the  suggestion,  whatever  its 
result  might  be.     .A.s  an  alternative  to  the  use  of 
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an   eeouomiser   and   perhaps   a   wast«-heat   boiler,    ' 
It   was  possible   to   pass   furnace   gases   through   a 
recuperator    or    brick    regenerator    in    which    the 
secondary  air  for  powdered  fuel  burning  was  pre- 
heated before  entering  the  furnace.       Whilst  the 
efficiency  of  the  arrangement  would  be  lower  than 
that  of  a  good  wasfce-heat  boiler,  the  scheme  had    j 
some    possibilities    where    low-pressure    steam    or    ! 
additional  steam  was  not  required. 

Dr.  W.  R.  Orm.\ndt,  referring  to  the  attitude 
which  science  was  taking  in  the  matter  of  fuel, 
said  that  in  a  recent  speech  Mr.  Sraillie  had  re- 
ferred to  the  fact  that  we  were  using  our  fuel 
badly,  and  adopted  that  as  an  excuse  for  extorting 
special  terms.  Reference  had  also  been  made  fre- 
cjuently  to  the  possibilities  of  saving  fuel  if  elec-  j 
trieitv"  were  utilised  on  a  large  scale.  The  reports  j 
on  this  subject  were  merely  preliminary  and  were 
open  to  much  controrersy,  and  it  was  important  to 
exercise  the  greatest  care  in  making  any  statements 
as  to  tlie  economies  which  might  "be  effected, 
because  they  might  be  used  in  the  wrong  way.  It 
was  true  that  a  great  deal  of  fuel  had  in  the  past 
been  and  was  to-day  being  used  unecouomicaUy, 
but  it  was  also  true  that  a  vast  amount  of  this 
fuel  had  been  wast-ed  because  there  was  as  yet  no 
prospect  of  being  able  to  xise  it  more  economically. 
It  was  stated,  for  instance,  that  the  efficiency  of 
using  fuel  in  a  glass-melting  furnace  was  some- 
thing of  the  order  of  2%,  and  that  a  rery  large 
proportion  of  the  heat  was  radiated  from  the  face 
of  the  brickwork  of  the  furnace,  but  that  if  any 
attempts  were  made  to  stop  that,  the  brickwork 
would  fail  in  a  short  space  of  time,  and  although 
heat  was  wasted,  there  was  no  immediate  prospect 
of  saving  it.  Much  had  been  said  about  the  waste 
of  fuel  in  steam  raising.  It  had  been  his  duty  to 
examine  the  efficiency  of  many  scores  of  large 
ranges  of  steam  boilers  for  the  Bradford  Dyers 
and  Fine  Cotton  Spinners  for  large  industrial 
works  in  the  North.  In  almost  every  case  these 
large  concerns  had  economisers  and  superheaters, 
but  one  source  of  economy  that  should  be  aimed  at 
was  keeping  up  the  CO,  percentage  above  10°;. 
The  power  required  for  the  induced-draught 
fans  for  a  range  of  boilers  was  very  con- 
siderable, and  it  recjuired  very  careful  examination 
to  find  out  at  what  point  it  was  worth  while  putting 
in  induced  draught.  If,  on  the  other  hand,  induced  | 
draught  enabled  the  use  of  a  fuel  so  low  in  grade 
that  it  could  not  be  used  on  the  ordinary  type  of 
stoker,  then  there  was  much  in  it«  favour.  Some 
collieries  in  the  North  were  now  using  roofing  shale 
containing  5-3%  of  combustible  matter  which  it 
would  be  utterly  impossible  to  use  without  induced- 
draught  plant.  So  far  the  only  application  of 
powdered  fuel  in  this  country  had  been  to  cement- 
burning  in  rotary  kilns.  We  required  much  more 
information  with  regard  to  the  grade  of  fuel  which 
could  be  used.  For  instance,  if  it  were  possible  to 
use  a  powdered  fuel  which  had  previously  been 
subjected  to  low-temperature  distillation,  it  opened 
up  great  possibilities.  Low-temperature  distilla- 
tion of  a  low-grade  fuel  was  in  many  cases 
rendered  uneconomical  because,  though  the  appa- 
rent value  of  the  oil  might  be  considerable,  it  was 
not  sufficient  to  pay  for  the  entire  cost  of  the 
process,  and  some  use  must  be  found  for  the  high 
ash  residue;  but  if  that  residue  were  easily  pul- 
verisable  and  could  be  used  in  the  form  of  powdered 
fuel,  it  opened  up  the  possibility  of  a  combined 
low-temperature  process  which  would  enable  a 
large  amount  of  fuel  now  wasted  to  Ije  made  use 
of:  the  smoke  problem  in  that  case  would  be  a 
difficulty,  however.  The  question  of  the  utilisa- 
tion of  comparatively  low-temperature  gases 
seemed  to  him  to  be  bound  up  very  closely  with 
finding  some  metal  or  alloy  or  some  method  of 
treating  metals  which  would  make  them  resistant 
to  sulphur  dioxide,  because  the  lower  the  grade  of 


the  fuel  the  more  certainty  there  was  of  producing 
large  amounts  of  sulphur  dioxide.  The  tempera- 
ture of  the  exhaust  of  gas  engines  was  also  one 
that  should  be  considered  in  that  connection, 
because  it  seemed  to  him  that  for  feed-water  heat- 
ing and  industrial  purposes  there  was  an  advantage 
in  low-temiierature  heat.  Finally,  he  a.sked  the 
author  whether  he  had  any  records  as  to  the  tem- 
perature that  could  be  obtained  in  brick-kilns  or 
pottery  furnaces,  such  as  those  of  the  Hoffman 
type  or  even  down-draught  furnaces,  using  coal- 
dust  fuel  with  cold  air,  and  alternatively  with  hot 
air,  assuming  the  fuel  used  to  be  of  a  good  average 
calorific  value. 

Mr.  L.  C.  Habvet  said  that  the  principal 
difficulties  with  regard  to  the  use  of  powdered  coal 
had  been  primarily  the  accumulation  of  ash  and 
slag  and  the  cutting  away  of  the  refractory  brick- 
work. These  were  the  two  diief  objections, 
especially  in  boiler  work,  but  with  modern  types 
of  pulverisers  these  two  defects  had  been  entirely 
overcome.  Boilers  now  were  being  fired  with  pul- 
verised coal  very  successfully  indeed,  straight  line 
efficiencies  of  75 — 95 'i  being  obtainable  with  fuels 
which  had  not  been  previously  usable  either  with 
mechanical  stokers  or  with  gas  producers.  Sir 
Auckland  Geddes  had  stated  recently  that  a  loss 
of  Td.  per  ton  on  coal  delivered  in  London  was 
due  to  the  loss  of  smaUs.  The  smaller  the  coal 
the  better  it  was  for  pulverisation,  and  all  that 
loss  in  coal  delivered  in  London  could  be  utilised 
in  that  form.  A  considerable  quantity  of  dust  and 
almost  what  might  be  called  dirt  was  still  left 
at  the  mines  and  was  not  a  saleable  fuel.  In 
Ameiica  during  the  last  two  months  the  lowest 
grade  of  fuel,  anthracite  slush  or  pit  washings, 
containing  less  than  .5%  of  volatile  matter  and 
2-5 — 30%  of  ash,  had  been  dried  and  pulverised  and 
used  at  the  Susquehanna  collieries;  the  results 
with  this  fuel  were  so  good,  showing  a  boiler 
furnace  efficiency  of  80  \  ,  that  the  new  boiler  houses 
of  about  4000  H.P.  at  their  collieries  at  Lykens  and 
Lytic,  Pa.,  were  now  being  fitted  entirely  with 
pulverised  coal  burners,  and  in  this  way  they  would 
only  use  pulverised  slush  which  previously  had 
been  valueless.  There  was  no  doubt  that 
we  had  used  our  fuels  very  wastefuUy  indeed, 
but  not  more  so  than  the  Americans.  In  this 
country,  in  the  puddling  furnace  industry,  the  fuel 
consumption  was  usually  3000  lb,  of  coal  per  ton 
of  puddled  iron,  and  nearly  all  the  furnaces  were 
hand-fired.  In  America,  however,  puddling  fur- 
naces had  been  converted  for  use  with  powdered 
coal,  and  the  fuel  consumption  of  3000  lb.  and  some- 
times 3.500  lb.  had  been  cut  down  to  1200 — 1600  lb. 
per  ton  of  iron.  At  the  same  time  five  completo 
heats  of  puddled  iron  were  obtained  per  shift  in- 
stead of  four,  and  without  the  production  of  any 
smoke  whatever.  The  puddling  furnace  in  this 
country  had  perhaps  been  our  worst  ofi^ender  for 
smoke  production.  Under  the  old  system  of  using 
powdered  coal  with  high  velocity  gases,  much  of  the 
fine  dust  which  did  not  fuse  in  the  combustion  cham- 
ber was  taken  through  the  furnace  or  the  boilers  at 
high  velocity  and  up  the  stack  and  deposited  in 
the  district.  One  of  the  secrets  of  success  at  the 
present  time  was  the  low  velocity  of  the  primary 
air  and  therefore  low  velocity  of  the  gases  through 
the  boilers  or  furnaces,  so  that  60  or  70%  of  the 
ash  should  be  deposited  in  solid  or  liquid  form 
in  the  combustfon  chamber,  20  to  30%  being  de- 
posited either  in  the  furnace  or  on  the  boiler  tubes 
in  the  form  of  very  fine  dust,  ash,  or  slag,  and 
not  more  than  about  2%,  consisting  of  the  finest 
dust,  would  be  emitted  from  the  stack.  There  were 
in  America  numerotis  examples  of  successful  instal- 
lation.s  for  re-heating  steel  and  for  puddling  iron, 
in  which  the  capital  outlay  of  the  pulverised  fuel 
plant  had  been  paid  out  of  profits  during  the  first 
twelve  months.    Even  so  people  over  here  were  slow 
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to  consider  the  question.  In  chemical  works  one  of 
the  deterrents  to  using  pulverised  fuel  was  the  cost 
of  the  plant,  but  it  was  quite  probable  that  very 
shortly  small  consumers  would  bo  able  to  purchase 
pulverised  coal  and  only  have  to  install  in  their 
works  self-contained  aut-omatic  feeder  and  burner 
units.  These  machines  were  working  very  satis- 
factorily in  America,  and  they  required  very  little 
manual  attention,  and  for  chemical  processes  the 
temperature  could  be  regulated  automatically  by 
a  thermostat  control,  so  that  once  the  canister  of 
fuel  was  on  the  hopper  the  subsequent  operation 
was  automatic.  In  1903,  with  coal  at  7s.  6c?.  per 
ton,  a  pulverised  coal  installation  burning  250  tons 
per  day  would  have  shown  a  net  profit,  after  deduct- 
ing all  expenses,  including  interest  and  deprecia- 
tion, of  £187.5  per  annum.  At  the  present  time. 
with  coal  at  30.<!.,  for  the  same  size  plant  the  saving 
would  be  £21 ,562. 

Captain  F.  S.  Sinnatt  thought  that  powdered 
fuel  had  a  very  great  future  in  regard  to  the 
utilisation  of  material  in  Lancashire  that  could  not 
be  used  at  the  present  time,  and  was  being  wasted 
day  by  day  because  it  was  not  thought  worth 
while  to  recover  it.  In  one  case  the  whole  field 
was  covered  with  a  fairly  goo<l  caunel  with  from 
20  to  60  ;o  of  ash.  An  attempt  had  been  made 
during  the  war  to  use  it  for  low  temperature  dis- 
tillation, but  it  had  not  been  the  complete  success  : 
anticipated;  the  fuel  was  very  easy  to  grind.  Soft  1 
coal  was  extremely  difficult  to  grind. 

Mr.  H.  M.  Ridge  said  that  the  installation  of 
waste-heat  boilers  was  not  a  panacea  for  all  evils 
for  those  who  wanted  steam  or  who  had  waste  heat. 
He  believed  that  the  best  economy  of  coal  was 
obtained  by  restricting  the  heating  use  to  the 
primary  object  which  was  desired.  Take  the  ca.se 
of  the  pudciling  furnace.  If  an  exc-essive  quantity 
of  coal  were  burned  in  the  puddling  furnace  an  I 
excessive  quantity  of  waste  gaseous  products  was  ' 
produced,  and  then  sent  through,  a  waste-heat 
boiler  to  recover  the  heat  units.  That,  however, 
was  not  the  primary  purpose.  The  puddling  fur- 
nace should  be  workcxl  properly,  and  it  should  not 
be  attempted  to  make  steam  in  the  same  operation. 
If  the  waste  gases  were  leaving;  the  furnaces  at 
anything  like  a  high  temperature  the  heat  units  in  [ 
the  waste  gases  should  be  recovered  and  sent  back 
into  the  boiler  by  pre-heating  the  secondary  air. 
In  a  recent  case  in  which  it  had  been  desirable 
to  reduce  the  consumption  of  coal  as  far  as  pos- 
sible, the  operation  necessitated  the  waste  gases 
leaving  the  furnace  at  a  temperature  at  about 
1300°  or  1400°  C  and  they  were  being  utilised  for 
pre-heating  the  secondary  air,  thus  reducing  the 
temperature  of  the  stack  gases  to  about  250°  C 
That  gave  a  financial  result  which  it  would  have 
been  very  difficult  to  obtain  if  these  very  hot  gases 
had  been  passed  into  waste-heat  Ixiilers.  Wliilst 
in  the  case  he  had  referred  to  the  quantity  of  gas 
was  very  great,  he  had  done  the  same  thing  in  a  i 
number  of  installations  working  on  a  compara-  | 
tively  small  scale,  using  one  or  two  tons  of  coal  : 
per  2-1  hours.  It  was  possible,  and  in  a  number  of 
cases  in  this  country  it  had  proved  satisfactory. 
to  pre-heat  the  secondary  air  and  to  obtain  a  good 
efficiency.  In  certain  cases  of  which  he  had  careful 
fuel  records,  the  waste  gas  left  the  furnace,  sav,  at 
1000°  C,  and  sometimes  up  to  1150°  C,  the  second- 
ary air  being  pre-heated  to  between  600°  and 
850°  C. ;  the  reduction  in  coal  consumption  had  been 
more  than  .50''.  That  had  been  done  in  countei- 
current  recuperators  because  with  such  a  compara- 
tfvely  small  coal  consumption  it  did  not  pay  to 
put  in  regenerative  furiiac-es  with  reversing  valves,  "^ 
etc.  WTiilst  it  was  possible  to  save  and  use  heat 
units  that  would  otherwise  be  carried  away  in  the 
wa.ste  gas,  there  were  a  very  large  number  of 
cases  in  the  country  reciuiring  further  research 
work,  such  as  the  ca.ses  in  which  the  gas  was  verv 


dirty  and  carried  a  large  amount  of  very  finely- 
divided  dust  during  the  first  portion  of  the  tem- 
perature drop.  Finally,  he  would  like  to  refer  to  a 
remark  made  by  Mr.  Ingalls  about  three  years  ago 
111  "  The  Engineering  and  Mining  Journal  "  of  New 
York.  Ho  had  pointed  out  that  it  was  not  a  de- 
sirable thing  to  burn  an  excessive  quantity  of  coal 
or  producer  gas  in  a  furnace  in  order  to  get  a  large 
quantity  of  steam,  and  he  emphasised  the  desir- 
ability of  restricting  the  furnace  to  its  proper  use 
and  putting  the  boilers  somewhere  else.  He  quite 
agreed  with  that,  but  one  disadvantage  of  waste- 
heat  boilers  was  that  after  any  stoppage,  if  waste 
gas  only  was  being  used  for  heating  hollers,  it 
was  not  possible  to  get  steam  at  the  beginning 
when  it  was  most  urgently  required,  and  it  was 
necessary  to  put  in  subsidiary  power  arrangements 
to  overcome  that  difficulty. 

Captain  GooDWix,  in  reply,  said  he  would  answer 
some  of  the  points  raised  in  writing.  In  a 
large  proportion  of  chemical  factories  the  greater 
part  of  tlie  steam  was  recjuired  for  process  work, 
and,  in  spite  of  what  Mr,  Ridge  had  said,  it  did 
sometimes  pay  to  burn  extra  fuel  at  one  end  in 
order  to  get  steam  at  the  other.  At  the  same  time, 
he  did  not  mean  to  indicate  that  a  chemical  factory 
should  not  look  to  the  primary  efficiency  of  its 
furnaces.  With  regard  to  induced  draught,  he 
reminded  Dr.  Ormandy  that  in  a  powdered  coal, 
furnace  only  about  1/lOth  inch  water  gauge  was 
necessary,  and  with  a  properly  designed  waste-heat 
boiler  the  means  to  provide  the  draught  needed  did 
not  require  anything  like  the  amount  of  power 
which  Dr.  Ormandy  had  suggested  was  necessary. 
He  had  referred  in  the  paper  to  means  by  which 
corrosion  from  sulphur  dioxide  could  be  prevented, 
and  he  did  not  agree  that  an  alloy  would  l>e  found 
which  could  be  used.  He  believed  the  solution 
would  lie  in  coating,  and  "  calorising  "'  had  already 
been  successfully  applied  in  soot  blowers  for  boilers 
and  the  like.  He  agreed  with  nearly  everything 
that  Mr.  Harvey  had  said.  It  was  of  very  great 
importance  that  a  curve  of  efficiency  .showing  75— 
85%  could  be  obtained  in  a  powdered  coal  instal- 
lation at  almo.st  all  loads  between  25'-  and  200"^ 
or  more  of  full  load,  whereas  mechanical  stokers 
lost  in  efficiency  and  reliability  under  overload  con- 
ditions. He  thought  that  smalls  and  particularly 
dust  from  the  semi-fuels  of  low-temperature  distil- 
lation should  be  collected. by  a  central  organisation 
in  every  large  town  and  burnt  in  powdered  form. 
He  agreed  that  the  velocity  of  the  gases  must  be 
low  in  the  boiler  and  in  the  combustion  space,  but 
it  was  quite  permissible  to  use  a  higher  velocity 
in  the  waste-heat  boiler.  Mr.  Ridge  had  said  that 
more  heat  ought  to  l)e  extractc>cl  in  the  puddling 
furnace,  but  more  heat  could  not  be  extracted  there, 
because  the  temperature  recjuired  was  so  high.  He 
also  did  not  think  that  2-50°  C.  was  a  low  enough 
temperature  at  which  to  send  the  gases  up  the 
stack ;  160°  C.  would  be  more  satisfactory. 

In  his  written  communication,  the  author  pointed 
out  that  puddling  furnaces  and  boiler  plant  per  se 
did  not  really  come  within  the  scope  of  his  paper. 
It  was  not  now  correct  to  say  that  cement  works 
were  the  only  ones  using  powdered  fnel  in  this 
country.  There  could  be  no  doubt  that  semi-fuel 
from  low-temperature  distillation  could  be  success- 
fully burnt  in  pulverised  form,  and  he  did  not  agree 
that  there  would  be  any  difficulty  in  regard  to 
smoke,  as  combustion  would  be  practically  perfect. 
''Blending"  of  fuels  might  be  desirable  in  some 
cases.  Temperatures  sufficiently  high  for  the  heat 
treatment  of  steel  were  obtainable  with  powdered 
fuel,  and  there  should  therefore  be  no  difficulty  in 
meeting  any  reasonable  requirements  of  brick  and 
pottery  furnaces;  no  data  were  yet  available,  and 
the  conditions,  particularly  in  pottery  furnaces, 
were  rather  .special. 
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Mr.  RiJge  did  not  state  the  thermal  efficiency  of 
the  recuperator.s  used;  a  good  waste-heat  boiler  had 
an  efficiency  bf  over  80  %  at  the  temperatures  given, 
or  nearly  "double  that  obtainable  in  regenerative 
working.  A  low  stack  temperature  was  of  no  value 
if  tile  heat  of  the  gases  was  not  recovered 
efficiently.  

Dr.  'SI.  O.  FoRSTER  then  took  the  chair. 


DIFFERENTIAL  PRESSURE  METERS  FOR 
MEASURING   AIR,  GAS  AND  STEAM  FLOWS. 

BY  JOHN  L.  HODGSON. 

(1)  This  paper  contains  a  summary  of  the  more 
interesting  features  of  the  metering  problems  men- 
tioned in  tlio  title.  A  fuller  treatment  of  many  of 
the  details  will  Ix'  found  in  the  author's  paper  on 
"The  Commercial  Metering  of  Air,  Gas  and  Steam" 
(Proc.  Inst.C;.K.,  20-1.  [ii.]'). 

(2)  The  differential  pressure  required  to  actuate 
the  indicating  or  recording  devices  is  obtained  in 
the  meters  for  whicli  the  author  is  responsible, 
either  by  means  of  a  constriction  placed  in  the  pipe 
line,  or  by  means  of  a  special  form  of  Pitot  tube 
consisting  <if  a  cylindrical  rod,  at  one  end  of  which 
two  pressure  holes  are  bored,  the  one  facing  exactly 
upstream,  and  the  other  exactly  downstream. 
These  pressure  holes  are  connected  by  means  of 
suitable  passages  and  pressure  pipes  to  the  indicator 
or  recorder.  The  Pitot  tube  is  inserted  in  the  main 
so  that  the  pressure  holes  are  at  the  centre  of  the 
main. 

The  velocity  in  feet  per  second,  V,  of  the  central 
filament  may  be  computed  from  the  formula 
WY'- 
''  =  T5S     ■       ■       ■       ■       (^' 

where  h  is  the  observed  difference  of  pressure  in 
inches  of  water,  W  is  the  density  of  the  fluid  in 
pounds  per  cubic  foot,  and  158  is  a  coefficient  deter- 
mined by  experiment. 

When  applying  this  formula  to  the  measurement 
of  the  volume  passing,  due-  allowance  must  be  made 
for  the  distribution  of  velocity  over  the  cross 
section  and  for  the  diminution  in  the  area  of  the 
cross  section  caused  by  the  insertion  of  the  tube. 

There  are  various  forms  of  Pitot  tubes  on  the 
market  which  purport  to  average  the  velocity  over 
the  cross  section  by  using  a  number  of  holes  instead 
of  one  central  hole.  Investigation,  however, 
will  show  that  the  average  velocity  over  the  cross 
section  cannot  be  obtained  in  this  way  if  the  distri- 
bution of  velocity  is  irregular.  The  Pitot  tube 
should  therefore  always  be  installed  with  good 
upstream  conditions,  or  if  these  cannot  be  obtained, 
a  traverse  should  be  taken  in  two  directions  at  right 
angles. 

(3)  From  the  point  of  view  of  the  indicating  or 
recording  instrument,  the  Pitot  tube  has.  in  spite 
of  its  simplicity,  two  important  defects,  (n)  On 
account  of  the  low  velocities  commonly  found  in  air 
and  gas  mains,  the  differential  pressure  produced  is 
usually  very  small.  ()i)  Owing  to  the  fact  that  the 
maximum  differential  pressure  produced  depends  on 
the  maximum  velocity  in  the  pipe  line,  and  that 
this  varies  in  practice  between  very  wide  limits 
(Cff.  15  feet  per  second  in  a  gas  main  to  .300  feet 
per  .second  in  a  main  carrying  superheated  steam) 
the  indicating  and  recording  instruments  would,  if 
the  Pitot  tube  were  used  as  the  basis  of  the 
measurements,  have  to  be  designed  to  deal  witli  the 
numerous  maximum  "heads"  from  the  most  minute 
upwards,  or  else  the  diameter  of  the  pipe  line  would 
have  to  be  altered  at  the  point  where  the  Pitot 
tube  was  inserted  in  order  to  obtain  a  reasonable 
uniformity  in  the  maximum  heads  dealt  with. 

Because  of  these  defects,  the  author  has  developed 
only  one  instrument  for  use  with  the  Pitot  tube'; 


the  differential  pressure  in  all  other  cases  being 
obtained  by  means  of  constrictions  placed  in  the 
pipe  line  which  can  be  designed  to  give  the 
ditterential  pressure  required  by  the  instruments 
over  a  very  largo  range  of  maximum  velocities. 

In  addition  to  the  above  defects,  the  Pitot  tube  is 
much  more  dependent  upon  good  uijstream  condi- 
tions than  a  constriction  is. 

(4)  The  instrument  developed  for  use  witli  the 
Pitot  tube  is  termed  the  "  curved  tiilio  "  manometer 
(see  tig.  1).  It  consists  of  a  reservoir  containing 
oil  which  is  connected  to  the  upstream  pressure 
hole,  and  a  curved  tube  connected  to  the  down- 
stream pressure  hole,  and  so  shaped  that  equal 
increments  in  the  velocity  past  the  Pitot  tip  will 
cause  equal  movements  of  the  oil  meniscus  along 
its  length.  The  manometer  is  so  designed  that 
it  can  be  supplied  to  work  at  any  maximum  head 
between  15  and  120  mm.  of  oil.  Owing  to  the  equal- 
spacing  scale,  accurate  readings  can  be  taken  down 
to  1  /9th  or  1/lOth  of  the  maximum  flow. 


Fig.   1. 

A  larger  type  of  the  same  instrument  is  now  being 
developed  in  connection  with  high  pressure  gas 
distribution  which  will  enable  accurate  readings  to 
be  taken  down  to  l/2(ltli  of  the  maximum  flow. 

The  "  curved  tube  "  nianometer  can.  of  course, 
also  be  used  in  connection  with  the  constrictions 
described   later. 


Fig.  2. 

Fig.  2  is  a  diagram  showing  the  "  curved  tube  '' 
manometer  connected  up  to  the  Pitot  tube. 

(5)  The  best  form  of  constriction  to  use  depends 
upon  many  factors:  the  initial  cost  allowable;  the 
differential  pressure  required ;  whether  the  fluid 
is  of  an  erosive  nature  (cf;.,  contains  sand  particles) 
or  is  liable  to  deposit  mud  or  tar  or  naphthalene; 
whether  the  pipe  line  can  be  easily  opened  up  to 
replace  the  constriction  first  in.serted  by  one  giving 
a  greater  or  less  throttling  effect  so  as  to  bring  the 
differential  pressure  produced  within  the  best  range 
of  the  indicating  or  recording  instrument  etc. 

B 


18 


PROCEEDINGS    ,0F    THE    CHEMICAL    ENGINEEBING    GROUP. 


A  more  subtle  consideration  must  also  be  taken 
into  account  if  the  coefficients  of  discharge  of 
similar  constrictions  of  various  sizes  are  to  be 
easily  predicted  from  the  calibration  of  one  size 
alone,  and  the  scales  and  cams  and  diagrams  of  the 
indicating  and  recording  instruments  are  to  be 
standardised  ;  namely,  the  discharge  must  be  exactly 
proportional  to  the  square  root  of  the  differential 
pressure. 

This  last  consideration,  which  is  assumed  as 
obvious  in  all  elementary  text-books,  is  actually  one 
which  it  is  very  difficult  to  realise  even  approxi- 
mately in  practice.  The  position  of  the  pressure 
holes,  any  abrupt  change  in  the  radius  of  curvature 
of  the  walls  of  the  constriction  between  the  up- 
stream and  downstream  pressure  holes,  any  undue 
roughness  of  the  walls,  too  little  guidance  of  the 
tiow ;  all  those  affect  the  result. 

(6)  The  well-known  Venturi  tube  when  properly 
designed  is  by  far  the  most  perfect  of  all  the  types 
of  constriction.  It  consists  of  a  gradually  con- 
verging upstream  section,  a  short  parallel  throat 
section,  and  a  gradually  diverging  downstream 
section.  This  gradually  diverging  downstream 
section  enables  about  6/7ths  of  the  differential 
pressure  obtained  at  the  throat  to  be  recovered. 
The  smooth  curves  of  the  upstream  and  throat 
sections  ensure  that  the  square  root  law  is  almost 
exactly  obeyed,  so  that  the  flow  through  Venturi 
tubes  of  very  large  diameter  can  be  accurately 
predicted. 

From  the  point  of  view  of  gas  measurement,  the 
smooth  curves  of  the  Venturi  tube  have  the 
extremely  important  effect  of  reducing  the  tendency 
for  deposit  to  form  to  a  minimum,  a  tendency  which 
is  on  the  other  hand  accentuated  in  those  types  of 
constriction  which  cause  eddying. 

The  disadvantages  of  the  Venturi  tube: — (a)  its 
relatively  high  first  cost,  (6)  its  great  length,  (c)  the 
expense  of  replacing  it  when  a  higher  or  lower 
maximum  flow  than  that  for  which  it  was  designed 
has  to  be  measured — have  however  necessitated  the 
development  of  other  and  cheaper  types  of 
constriction. 

(7)  The  simpler  types  of  constriction  have  been 
mainly  developed  in  connection  with  air  and  steam 
measurement. 

The  first  of  these  simpler  types  of  constriction 
used  by  the  author  consisted  of  a  thin  plate,  in 
which  a  square-edged  hole  was  bored,  placed  in 
the  pipe  line.  The  differential  pressure  was  taken 
across  two  holes  drilled  in  the  pipe  line  on  the 
upstream  and  downstream  sides  of  th^  plate.  Ex- 
periment soon  showed  that  the  same  orifice  would 
give  diiferent  coefficients  of  discharge  if  the  position 
of  the  pressure  holes  was  altered,  and  that  the 
same  size  of  hole  would  give  different  coefficients  of 
discharge  if  the  thickness  of  the  plate  were  varied, 
or  the  edge  of  the  hole  slightly  rounded. 

This  led  to  the  employment  of  a  special  fitting, 
the  orifice  carrier,  for  carrying  the  orifice  plate,  as 
the  pressure  holes  could  then  be  drilled  in  the  plane 
of  the  upstream  and  downstream  faces  of  the  plate, 
and  all  sizes  made  geometrically  similar.  The 
employment  of  this  special  fitting  carrying  the 
orifice  plate  in  which  the  pressure  holes  were  drilled 
also  enabled  an  orifice  plate  to  be  changed  without 
having  to  consider  how  the  position  of  the  pressure 
holes  affected  the  coefficient  of  discharge  for  par- 
ticular diameter  of  orifice  used. 

It  was  found  on  further  experiment  that  when 
the  diameter  of  the  orifice  was  more  than  about 
three-quarters  that  of  the  main,  the  coefficient  of 
discharge  became  very  dependent  upon  accurate 
centering  and  the  smoothness  of  the  pipe  upstream 
of  the  orifice.  This  difficulty  could  have  been 
partially  overcome  by  fitting  two  or  more  sets  of 
pressure  holes,  but  as  the  minimum  cost  was  the 
end  m  view,  it  was  decided  to  concentrate  the  whole 


of  the  area  of  the  obstruction-  around  the  pressure 
holes  in  the  form  of  a  segment  of  a  circle  bounded 
by  a  chord. 

This  was  found  very  satisfactory  until  still 
higher  velocities  had  to  be  measured,  when  it  was 
found  desirable  to  replace  the  straight  cliord  by 
the  arc  of  a  circle  of  which  the  centre  was  at  the 
pressure  hole. 

In  order  to  reduce  the  errors  due  to  inaccurate 
centering,  the  size  of  the  hole  in  the  orifice  fitting 
at  the  orifice  plate  was  made  slightly  smaller  in 
diameter  than  that  of  the  main,  being  coned  down 
from  a  diameter  slightly  larger  than  that  of  the 
main. 

In  order  to  reduce  t4ie  effects  of  chemical  or 
mechanical  erosion,  the  edges  of  the  orifice  plates 
were  rounded,  the  effects  of  a  given  amount  of 
erosion  being  found  to  be  less  on  a  rounded  orifice 
than  on  one  having  originally  square  edges. 

In  this  way  the  orifice  carrier,  the  orifice  plate, 
and  the  circular,  segmental  and  tongue  orifice  plates 
were  developed. 

The  various  points  referred  to  under  this  heading 
are  illustrated  in  fig,  3. 


Circular  .  Chord.  &  Toncuc 


Orifice    Plates 
Fig.  3. 

(8)  It  was  found  that  the  field  of  useful  applica- 
tion of  the  air  and  steam  meters  especially  would 
be  greatly  reduced  if  only  high-priced  meters  were 
available.  On  the  other  hand,  it  was  found  im- 
possible to  design  low-priced  meters  which  would 
be  reasonably  accurate  over  a  large  range  of  flow. 
This  will  be  easily  understood  when  it  is  remem- 
bered that  the  differential  pressure  upon  which  the 
measurement  depends  is  at  one-fifth  of  the  maxi- 
mum flow  only  one-tweuty-fifth  part  of  that  avail- 
able at  the  minimum  flow,  and  at  one-tenth  of  the 
maximum  flow  only  one-hundredth,  and  so  on. 

It  was  therefore  decided  to  concentrate  on  the 
production  of  indicators  and  recorders  which  were 
accurate  down  to  one-fifth  of  the  maximum  flow, 
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as  it  was  felt  that  such  meters  would  cover  the 
most  usual  requirements. 

There  were,  however,  a  large  number  of  cases 
where  accurate  measurement  over  a  large  range 
was  essential.  To  meet  these,  a  further  type  of 
constriction  was  developed.  This  consisted  of  a 
butterfly  valve  which  could  be  clamped  in  four 
definite"  positions,  the  coefficient  of  discharge  for 
each  successive  position  being  approximately  double 
that  for  the  preceding  one.  With  this  construction, 
the  range  over  which  accurate  measurement  was 
possible  with  the  indicators  and  recorders  already 
developed  was  increased  from  1  to  .5  to  1  to  40. 

The  position  of  the  butterHy  valve  has,  of  cour.so, 
to  be  adjusted  by  hand  when  a  new  maximum  flow 
is  decided  upon.'  But  it  is  not  necessary  to  shut 
down  the  flow  or  open  up  the  pipe  line,  and  this  in 
itself  is  a  great  convenience. 

(9)  The  law  of  flow  past  a  constriction  may  be 
expressed  by  the  formula  :  — ■ 

Q  =  a-.^.A[(p,-p,)W,]i  .  .  .(2) 
where  Q  is  the  discharge  in  pounds  per  second,  and 
o-  is  the  "discharge  intensity  coefficient"  for  the 
particular  type  of  obstruction — a  coeflScient  here 
used  for  the  first  time,  which  includes  the  discharge 
coefficient,  CI,  and  the  ratio  of  the  area  of  the  main 
to  the  area  left  by  the  obstruction  n;  its  actual 
value  being  fi/v'n--I. 

(>i  is  a  term  which  allows  for  the  compressibility 
of  the  fluid.  Its  values  for  various  values  of  ?i  and 
Pj/P,  are  given  in  fig.  4. 


of  orifice  CI  increases  as  the  ratio  Pj/p,  diminishes 
according  to  the  empirical  relation 

n  =  0-914-0-306  pjp,      .       .       .      (4) 

owing  to  a  progressive  increase  in  the  diameter  of 
the  vena  contracta  with  increase  of  velocity. 

In  the  case  of  "  stream  line  "  nozzles,  this  change 
in  the  value  of  CI  with  velocity  is  almost  inappre- 
ciable. 

(10)  In  certain  cases,  as  when  supplying  steam  to 
water-gas  generators,  the  usual  practice  of 
generating  tlie  steam  at  some  60  to  90  lb.  pressure 
and  injecting  it  into  the  generator  at  only  a  small 
pressure  above  that  of  the  atmosphere  permits  a 
large  drop  of  pressure  across  the  constriction. 

Theory  shows  that  if  the  ratio  p^/p,  is  less  than 
a  certain  critical  value,  which  depends  upon  the 
ratio  of  the  specific  heats  of  the  fluid,  and  the  ratio 
of  the  area  of  vena  contracta  at  the  con.striction  to 
that  of  the  main,*  equation  (2)  no  longer  holds,  the 
discharge  then  l>eing  given  by  an  equation  of  the 
form, 

Q  =  o-.A(p,  +  a)       ....       (2a) 

where  o  is  a  numerical  constant,  and  p,  is  the 
absolute  pressure  in  the  upstream  side  of  the  con- 
striction. 

In  such  cases  a  simple  pressure  gauge  may  there- 
fore be  graduated  to  show  the  rate  of  discharge  of 
the  steam  at  a  given  wetness  or  superheat,  pro- 
vided that  a  form  of  obstruction  is  chosen  for 
which  a-  does  not  vary  with  p^lp,. 
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Fig.  4. 


A  is  the  area  of  the  pipe  at  the  upstream  pressure 
hole  in  square  feet;  p,  and  Pj  are  the  pressures  at 
the  upstream  and  downstream  pressure  holes  respec- 
tively in  pounds  per  square  inch.  W,  is  the  density 
of  the  fluid.  Its  values  for  various  values  of  n  and 
pressure  hole.  For  pure  dry  air  W,  =  26998  Pi/T,, 
where  Tj  is  the  absolute  temperature  in  °  F. 

For  a  square-edged  orifice  having  a  diameter  less 
than  three-quarters  of  that  of  the  main,  and 
pressure  holes  in  the  plane  of  the  orifice,  and  for 
which  pjp,  is  not  less  than  0-99,  n  =  0-608  and 
^  =  1  (nearly)  so  that  (2)  reduces  to 


(3) 


Q  =  0.668    -^=^r(Pi-p2)^'']*  lb.  per  sec.  . 

The  reason  why  it  is  necessary  to  specify   that 
Pj/P,  must  not  be" Jess  than  0'99  is  that  for  this  type 


Experiments  carried  out  by  the  author  at  Messrs. 
Parsons'  works  at  Newcastle  in  1912  and  at  the 
Taylor  air-compressing  plant  on  the  Montreal 
River,  Ontario,  in  1913,  showed  that  while  o-  varied 
very  considerably  with  pJp,  for  a  square-edged 
orifice  as  indicated  in  equation  (4),  a  shaped  nozzle 
could  be  devised  for  which  a-  was  practically  con- 
stant for  all  values  of  p,/Pi. 

It  may  be  of  interest  to  note  in  passing  that  in 
both  the  above  sets  of  experiments  nozzles  of  over 
1000  H.P.  capacity  were  used. 

The  method  of  regulating  the  steam  supplied  to 
water-gas  generators  by  means  of  a  pressure  gauge 
connected   to    the   pipe   on   the   upstream    side   of 

•  See  equation  (23)  Appendix  I.  of  paper  before  the  Inst.  Civ 
Eng.  above  referred  to. 
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the  obstruction  was,  as  far  as  the  author  is  aware, 
first  employed  by  Mr.  H.  E.  Bloor  at  Birkenhead 
.some  l|t  years  ago.  Mr.  Bloor,  however,  used  it 
ns  a  means  of  regulation  only,  and  not  as  a  means 
of  measurement  ;  as  the  discharge  eoeflicients  of 
various  types  of  nozzles  and  the  fact  that  they 
varied  with  the  flow  had  not  then  been  determined. 


D  is  the  diameter  of  the  main  and  /jl  is  the  coeflScient 
of  viscosity  of  the  fluid. 

"  High  velocities  "  may  be  defined  in  this  con- 
nection as  those  at  which  the  effect  of  elasticity 
masks  the  effect  of  viscosity. 

A  fuller  treatment  of  the  matters  dealt  with  in 
paragraphs  (9)  to  (11)  will  he  found  in  the  paper 


Fig.  5. 


(11)  Wlien  comparing  the  discharge  of  geometri- 
cally similar  orifices  of  different  sizes  the  "dis- 
charge intensity  coefficient,"  o-,  and  the  coefficient 
of  discharge,  ii,  are  the  same  for  high  velocities  for 
the  same  values  at  the  ratio  of  p^iPi,  and  for  low 

V.D.Wt 


velocities  for  the  same  values  of 


where 


t  For  this  rol.ation  to  be  strictly  true,  the  Keomefricil  similarity 
nixist  extend  to  the  relative  rouglmcsacs  of  tlie  surfaces  of  the  coa- 
Bttictions  compared. 


before   the    Institution   of    Civil    Engineers    above 
referred  to. 

(12')  Certain  precautions  must  be  taken  when 
installing  the  pressure  pipes  to  ensure  that  the 
differential  jiressure  procluced  is  truly  transmitted 
to  the  indicator  or  recorder.  In  the  case  of  air  and 
gas  meters,  moisture  or  other  condensable  matters 
are  liable  to  deposit.  To  prevent  errors  due  to  this 
cause,  the  pressure  pipes  must  be  of  a  sufficiently 
large  diameter  and  must  he  laid  at  a  sufficient  slope 
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to  drain,  sumps  or  drainage  siphons  being  provided 

at  the  lowest  points. 

The  case  of  the  steam  meters  is  more  complicated. 
Here  the  indicators  and  recorders  have  to  be  full  of 
water,  it  being  impossible  to  keep  those  full  of  lire 
steam,  even  if  this  were  desirable.  The  line  of 
demarcation  between  the  water  in  the  pressure 
pipes  and  the  steam  in  the  main  must,  however, 
always  be  at  the  level  of  the  pressure  holes,  as 
otherwise  the  true  difference  of  pressure  across  the 
orifice  will  not  be  transmitted  to  the  instrument. 
The  desired  result  is  obtained  if  the  pressure  holes 
are  brought  out  horizontally  at  the  same  level,  and 
the  pressure  pipes  laid  horizontally  for  a  sufficient 
distance  before  they  bend  upwards  or  downwards  to 
the  recorder.  This  method  was  patented  by  the 
author  in  1909.  As,  however,  it  gave  rise  to  con- 
siderable difficulties  during  installation  another 
method  was  developed.  This  consisted  of  replacing 
the  two  lengths  of  horizontal  pressure  pipe  by  two 
vertical  water  chambers,  the  major  jiart  of  whose 


Fig.  6. 

capacity  is  ubuve  the  level  of  the  pressure  holes. 
Pressure  pipes  are  taken  to  the  recorder  from  the 
lower  ends  of  these  water  chambers.  Obviously,  as 
long  as  the  water  level  in  these  chambers  remains 
above  the  level  of  the  pressure  holes  in  the  orifice 
carrier,  the  true  difference  of  pressure  is  trans- 
mitted. This  simpler  and  more  compact  arrange- 
ment is  the  one  now  used  by  the  author.  A  fur- 
ther precaution  to  be  observed  in  the  installation 
of  the  steam  meter  pressure  pipes  is  that  they  must 
lie  of  such  a  size  and  must  be  laid  at  such  a  slope 
that  they  can  be  readily  freed  from  any  air  which 
may  separate  out  from  the  water,  or  which  may  be 
trapped  when  connecting  up.  air  vents  being  pro- 
vided at  the  highest  points.  These  water  chambers 
and  two  forms  of  steam  metering  instrument  are 
shown  in  fig.  5. 


(13)  Coming  now  to  the  indicating  and  recordius^ 
instrnments.  The  simplest  types  are,  of  course, 
those  which  merely  indicate  or  record  in  terms  of 
the.  differential  pressure  alone,  the  numerical  value 
of  the  flow  being  obtained  by  means  of  suitaole 
scales  or  charts. 

The  most  convenient  form  of  manometer  consists 
cf  a  reservoir  and  a  gauge  tube,  the  chan;re  of  level 
in  one  limb  only  having  to  be  read.  This  is  tf  rmcd 
the  "  single  tube  "  manometer,  and  is  illustrated  in 
fig.  6. 

The  power  required  to  record  the  differential 
pressure  may  be  obtained  from  a  float  placed  in  a 
L'-tube,  or  from  an  inverted  bell  sealed  by  fluid,  or 
from  a  spring-controlled  diaphragm,  etc. 

"Wliere  the  static  pressure  of  the  fluid  is  high  the 
differential  pressure  producing  device  must  be 
entirely  enclosed  and  its  motion  transmitted  to  the 
pointer  or  pen  or  cam  through  a  gland.  As  it  is 
impossible  to  devise  a  packed  gland  which  will 
remain  sound  indefinitely,  the  gland  is  placed  in 
such  a  position  that  slight  leakage  from  it  will  not 
damage  the  instrument.  The  author  uses  magnetic 
glands  on  those  instruments  where  very  little  torque 
has  to  be  transmitted  to  operate  the  indicating 
or  recording  mechanism. 

(14)  Instruments  which  indicate  or  record  in 
terms  of  the  differential  pressure  only  do  not 
measure  the  flow  with  sufficient  accuracy  in  those 
cases  where  the  density  of  the  fluid  metered  varies 
to  any  considerable  extent. 

Changes  in  the  density  of  the  fluid  may  be  due 
to  changes  in  its  pressure  and  temperature,  or  to 
changes  in  its  actual  composition.  The  latter  con- 
dition usually  occurs  only  in  the  case  of  gas  flows. 

It  is  found  in  the- case  of  air  and  steam  flows 
that  the  temperature  or  superheat  or  wetness  are 
usually  fairly  constant,  and  that  the  change  of 
density  can  be  taken  as  approximately  propor- 
tional to  the  pressure  alone. 

(15)  It  will  be  seen  on  reference  to  e<iuation  (2) 
that  if  p,  is  assumed  to  be  proportional  to  W,  the 
flow  becomes  proportional  to  the  square  loot  of  the 
product  (p,-P2)xPi- 

In  a  so-called  "  pressure  corrected  "  meter  it  is 
therefore  only  necessary  to  obtain  and  record  the 
value  of  this  product  instead  of  (p,-p.). 

Reference  to  fig.  7  will  show  how  this  is  done  in 
the  case  of  the  pressure-corrected  steam  meter. 

The  curved  arm,  S,  is  rotated  through  an  angle 
proportional  to  the  differential  pressure  by  means 
of  diaphragms  contained  fn  the  body  of  the  meter, 
B.  while  the  end  of  the  connecting  rod,  C,  is  moved 
vertically  downwards  through  a  distance  propor- 
tional to  the  absolute  pressure  of  the  steam  by 
means  of  diaphragms.  P.  subjected  to  the  pressure 
in  the  main  and  working  through  the  link,  L. 

The  product  of  these  two  motions  is  transmitted 
to  the  pen  arm.  A,  and  recorded  on  a  diagram,  from 
which  an  amount  proportional  to  the  quantity 
passing  can  thus  be  read  off. 

(16)  An  entirely  different  method  has  to  be 
adopted  in  the  case  of  gaseous  flows,  where  specific 
gravity  of  the  gas  relative  to  air  at  the  same 
pressure  and  temperature  may  be  continually 
varying. 

Fig.  8  shows  the  scheme  of  a  counter  meter  which 
takes  into  account  variations  in  the  specific  gravity 
of  the  gas.  In  this  meter  the  differential  pressure 
is  measured  by  a  water-sealed  bell.  B,  whose  motion 
is  transmitted  by  suitable  means  to  a  cam.  E.  This 
cam  is  so  shaped  that  the  feeler,  H,  which  comes 
into  contact  with  it  adds  on  to  the  counter-reading 
an  amount  proportional  to  the  square  root  of  the 
differential  pressure  at  each  revolution  of  the  heart- 
shaped  cam,  G,  which  raises  and  lowers  it.  The 
correction  for  variations  in  the  specific  gravity  of 
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the  gas  is  obtained  by  making  the  speed  of  rotation 
of  the  heart-shaped  cam  inversely  proportional  to 
the  square  root  of  the  specific  gravity  by  driving  it 
from  a  small  wet  gas  meter  which  is  rotated  con- 
tinuouslj'  by  gas  escaping  from  the  main  through 
a  small  orifice,  O,  to  atmosphere ;  the  pressure 
across  this  orifice  being  maintained  constant  by  a 
sensitive  regulating-valve.  In  this  way  the  counter 
is  made  to  register  the  actual  volume  passing. 

Meters  of  this  type,  in  spite  of  their  apparent 
complexity,  have  been  found  to  be  extremelj-  reliable 
in  practice  and  are  of  course  enormously  cheaper 
than  the  costly  station  meters  they  are  designed  to 


removable  for   inspection  and   cleaning  when   the 
tube  is  by-passed. 

(18)  The  above  {paragraphs  deal  briefly  with  the 
theory  and  construction  of  the  simpler  differential 
pressure  meters  for  which  the  author  is  responsible. 

Their  accuraej'  under  ■n'orking  conditions  is  within 
2%  at  full  lead  and  within  4%  at  the  lowest  loads 
they  are  designe-d  to  measure.  When  used  for  the 
measurement  of  pulsating  fl'Ows  their  accuracy  is, 
however,  less. 

The  investigation  summarised  in  Table  IIa.  of 
the  author's  paper  before  the  Institution  of  Civil 
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Fig.  7. 


replace.  Their  readings  are  accurate  down  to 
1/lOth  of  the  maximum  flow,  which  is  usually  suffi- 
cient for  station  gas  meters.  They  are  superior  to 
the  simpler  and  cheaper  rotary  meters  in  that  they 
have  no  moving  jjarts  in  the  piije  line  and  are  not 
liable  to  derangement  by  tar,  etc. 

(17)  The  Venturi  tube,  which  is  used  with  these 
meters,  is  of  course  liable  to  become  clogged  by 
najihthalene,  tar,  etc.  In  order  to  reduce  such 
clogging  to  a  minimum  the  tube  is  installed  verti- 
cally in  a  by-pass  with  the  gas  entering  from  above 
so  that  any  liquid  carried  by  the  gas  will  drop 
right  through  the  tube;  the  throat  and  the  up- 
stream sections  are  steam  heated,  a  precaution 
which  practically  eliminates  deposit;  the  throat  can 
be  cleansed  by  water  jets  without  opening  up  the 
main,  and,  lastly,  the  throat  section  is  made  easily 


Engineers  shows  that  with  viscous  damping  in  the 
pressure  pipes  the  "pulsation  constant"  to  be 
applied  to  the  meter  is  practically  independent  of 
the  wave  form  of  the  pulsation,  and  does  not  de- 
viate from  unity  by  more  than  about  7%  provided 
that  the  variation  of  the  rates  of  flow  at  the 
extreme  phases  of  the  pulsation  does  not  exceed  1:2. 
lu  most  cases  where  the  measurement  of  pulsating 
flows  is  possible,  the  additional  error  caused  after 
allowance  has  been  made  is  less  than  ±2%. 

(19)  The  various  differential  pressure  producing 
devices  made  by  the  author's  firm  are  calibrated 
with  water,  this  method  being  simpler,  cheaper, 
and,  unless  very  elaborate  care  is  taken,  more 
accurate  than  calibration  by  air  or  steam  or  gaseous 
flows.  Check  tests  are,  however,  taken  on  actual 
air,  steam,  or  gas  flows  with  each  new  type  of  con- 
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strictioii.  The  method  of  calibrating  by  means  of 
water  flows,  w)iich  the  author  developed  in  1909, 
enables  a  new  type  of  constriction  to  be  quickly 
tested  out,  and  also  enables  the  effect  of  difficult 
upstream  conditions  to  be  allowed  for  by  means  of 
scale  models. 


Piii 


(20)  All  the  types  of  meter  dealt  with  can  be 
arranged  to  register  by  counter.  The  integrating 
mechanism,  which  is  the  result  of  many  years  of 
experience  and  research,  is  entirely  positive  in  its 
action.  It  consists  of  a  powerful  and  beautifully 
made  clock  train  which  at  two-minute  intervals 
rotates  a  shaft  which  is  thrown  into  gear  with  the 
counter  at  a  fixed  point  in  the  revolution,  and  out 
of  gear  at  a  variable  point,  this  variable  point  being 
made  to  depend  upon  the  flow  passing. 

(21)  'In  concluding  this  brief  summary,  the  author 
would  like  to  refer  to  the  extreme  importance  of 
the  right  selection  of  materials  for  the  various 
parts  of  the  meters. 

Thus,  while  a  cast-iron  orifice  carrier  and  a  gun- 
metal  orifice  plate  may  bo  used  when  measuring 
wet  steam  at  low  pressure  or  compressed  air,  these 
materials  must  be  replaced  by  cast  steel  and  nickel 
when  superheated  steam  is  measured. 

Or,  again,  a  meter  which  is  perfectly  satisfactory 
for  measuring  coal  gas  has  to  be  completely  revised 
if  it  is  to  be  applied  to  the  measurement  of  coke- 
oven  gas.  eai-bon  dioxide,  chlorine,  or  ammonia. 
With  each  new  application  new  materials  have  to 
be  chosen  and  tested. 

(22)  The  author  desires  to  thank  the  Institution 
of  Civil  Engineers  for  the  loan  of  the  blocks  for 
figs.  4  and  8.  and  his  firm.  Messrs.  Geo.  Kent,  of 
London  and  Luton,  for  the  loan  of  the  blocks  for 
figs.  .5  and  7. 


BECEMT  DEVELOPMENTS  IN  SURFACE 
COMBUSTION  BOILERS. 

BY    PROFESSOR    WILLIAJt    A.    BOXE,    IJ.SC,    F.R.S.,    AXD 
V.    ST.   G.   KIRKE,    SI. A..  A.M.IXST.C.E. 

Introduction. 

AVhat  is  now  known  as  the  Bonecourt  system  of 
surface  combustion  embodies  the  practical  results 
of  certain  discoveries  made  by  one  of  us  during 
scientific  researches  upon  the  influence  of  hot  sur- 
faces in  promoting  gaseous  combustion.  It  is 
recognised  nowadays  by  all  chemists  that  chemical 
interactions  in  gaseous  systems  are  promoted  by 
the  catalytic  action  of  hot  surfaces,  and  the  case 
of  gaseous  combustion  is  no  exception  to  this 
general  law.  The  researches  referred  to  proved 
that  if  an  explosive  gaseous  mixture  be  either  in- 
jected on  to  or  forced  through  the  interstices  of  a 
porous  refractory  incandescent  solid,  under  certain 


conditions,  a  greatly  accelerated  combustion  takes 
place  within  the  interstices  or  pores;  or,  in  other 
words,  within  the  boundary  layers  between  the 
gaseous  and  solid  phases  wherever  these  may  be 
in  contact  and  that  the  heat  developed  by  this 
intensified  combustion  would  maintain  the  surface 
in  a  state  of  incandescence  without  any  develop- 
ment of  flame,  thus  realising  the  conception  of 
flameless  incandescent  surface  combustion,  as  a 
means  of  greatly  increasing  the  general  efficiency 
of  heating  operations  wherever  it  can  be  con- 
veniently applied. 

Perhaps  the  simplest  illustration  of  this  system 
of  flameless  incandescent  surface  combustion  is 
afforded  by  the  diaphragm  method  of  applying 
radiant  heat,  and  it  was  obvious  from  the  first 
that  important  results  would  accrue  if  by  any 
means  it  could  be  successfully  applied  to  the  raising 
of  steam  in  gas-fired  boilers. 

It  will  probably  be  generally  admitted  that  up 
to  a  few  years  ago  the  gas  firing  of  steam  boilers 
.had  not  been  very  successful  from  the  point  of 
view  either  of  thermal  efficiency  or  rate  of  evapora- 
tion. The  low  thermal  efficiency  of  boilers  fired  in 
tlie  ordinary  way  by  blast  furnace  gas  is  notorious, 
whilst  even  in  the  case  of  boilers  fired  with  coke- 
oven  gas  the  thermal  efficiency  probably  did  not 
much  exceed  65  %  or  70  % . 

The  first  experiments  made  in  the  year  1909  by 
the  late  Mr.  C.  D.  McCourt  and  one  of  us  upon  the 
application  of  the  principle  of  surface  combustion 
to  the  gas  firing  of  multi-tubular  boilers,  proved 
the  possibility  of  transmitting  between  90  '  and 
9-5  %  of  the  net  calorific  value  of  coke-oven  gas  to 
the  water  in  the  boiler.  The  nature  of  these  early 
experiments  has  already  been  dealt  with  so  often  in 
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Fig.  1. 

public  that  it  will  be  unnecessary  for  us  to  enlarge 
very  much  upon  them.  Suffice  it  to  say  that  the 
first  experiment  in  Leeds  was  made  with  a  single 
steel  tube  3  ft.  in  length  and  3  in.  in  diameter, 
packed  with  fragments  of  granular  refractory 
material,  meshed  to  a  proper  siise,  and  fitted  at  one 
end  with  a  fireclay  plug  through  which  was  bored 
a  circular  hole  i  in.  diameter,  for  the  admission 
of  the  explosive  mixture  of  gas  and  air  at  a  speed 
great-er  than  that  of  back-firing. 

Experimenting  with  such  a  tube,  it  was  found 
possible  to  burn  completely  a  mixture  of  100  cub.  ft. 
of  coal  gas  plus  5-50  cub.  ft.  of  air  per  hour,  and 
to  evaporate  about  100  lb.  of  water  from  and  at 
100°  C.  (212°  F.)  per  hour  (20—22  lb.  per  sq.  ft.  of 
heating  surface),  the  products  leaving  the  further 
end  of  the  tube  at  practically  200°  C.    This  meant 
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the  transmission  to  the  water  of  88%  of  the  net 
heat  developed  by  the  eoiiibustion,  and  an  eyajwra- 
tion  per  sq.  ft.  of  heating  .surface  nearly  twice  that 
of  an  express  locomotive  boiler.  The  combustion 
of  the  gas  was  completed  within  4  or  5  in.  of  the 
point  where  it  entered  the  tube.  Of  the  total 
evaporation,  no  less  than  70%  occurred  over  the 
first  linear  foot  of  the  tube,  22%  over  the  second 
foot,  and  only  8%  over  the  last  foot.  This  pointed 
to  a  very  effective  "  radiation  "  transmission  from 
the  incandescent  granxdar  material  in  the  first 
third  of  the  tube,  where  the  zone  of  active  com- 
bustion was  located,  although  it  should  be  remarked 
that  the  loci  of  actual  contact  between  the  incan- 
descent material  and  the  walls  of  the  tube  were  so 
rapidly  cooled  by  the  transmission  of  heat  to  the 
water  on  the  otlier  side  that  they  never  attained 
a  temperature  even  approaching  red  heat.  The 
granular  material  in  the  remaining  two-thirds  of 
the  tube  served  to  balile  the  hot  products  of  com- 
bustion and  to  make  them  repeatedly  impinge  with 
high  velocity  against  the  walls  of  the  "tube,  thus 
materially  accelerating  their  cooling,  and  either 
preventing  or  minimising  the  formation  of  the 
feebly-conducting  stationary  film  of  relatively  cold 
gases  which  in  ordinary  practice  clings  to  the  tube 
walls,  seriously  impairing  the  heat  transmission. 

From  this  initial  experiment  Bone  and  ^McCourt 
proceeded  to  construct  their  first  experimental 
boiler  (Figs.  1  and  2)  which  was  made  of  ten  such 
tubes  fixed  horizontally  in  a  cylindrical  steel  shell 
capable  of  withstanding  a  pressure  of  over  200  lb. 
to  the  sq.  in.  This  small  boiler  was  connected  with 
a  small  tubular  feed  water  heater  containing  9 
tubes,  each  1  ft.  long  and  3  in.  diameter,  similarly 
packed  with  granular  material  to  facilitate  the 
exchange  of  heat. 

AVith  this  simple  combination  of  boiler  and  feed 
water  heater  we  were  able  to  transmit  to  the  water 
93'3";  of  the  net  heat  units  contained  in  London 
coal  gas  of  .510  B.Th.l'.  net  i>er  cub.  ft.  at  N.T.P. 
and  obtain  an  average  rate  of  evaporation  of  as 
much  as  339  lb.  water  per  sq.  ft.  of  heating  surface 
per  hour  (from  and  at  212^  F.) ;  the  steam  gauge 
pressure  was  103  lb.  and  the  products  of  combustion 
left  the  feed  water  heater  at  a  temperature  of 
289°  F. 

The  details  of  these  results  are  shown  in  Table  1. 


Table  1. 


Xet  cal.  v.'ilue  gas  in  B.Th.U.  per  cub.  it. 

at  X.T.P 

Rate  of  evaporation  ib.  water  \Kr  sq.  ft. 

heating  surface  per  hour  from  and  at 

213°  F 

Pressure  of  gaseous  mixtiu-e  entering  tlie 

tubes.     Ins,  W.G,  

Pressure    of    prcKiucts    entering    tlic    feed 

water  heater.     Ins,  W,G, 
Steam  gauge  pressiue  in  lb.  above  atnios- 

piieric 
Boiling  point  water  in  Fahr." 
Temperature    products    lea\iiig    boiler    iu 

Fahr.°  

Temperature  products  leading  feed  water 

heater  Fahr°. 
Xet  lieat  supplied  to  boiler  iicr  hour  in 

l;,Th,U 

Ket  heat  transmitted  per  hour  in  B.Th,U. . 
Kfficiency  ratio 


8  Dec 
1910. 

562 

216 

17-3 

20 

11)0 
338° 

44U° 

203° 

559,800 

527,800 

0-943 


8  Jan. 
1913. 

510 

33-9 

40-9 

314 

103 
340° 

534° 

289° 

728.333 

680.000 

0  938 


Skhtniityiove  Boiler  for  Coke-oven  <J(ts. 
The  success  of  this  first  experimental  boiler 
enabled  us  to  proceed  immediately  with  the  erec- 
tion of  a  much  larger  plant  (Fig.  3)  on  similar  lines 
for  coke-oven  gas,  at  the  Skinningrove  Iron  AVorks 
in  the  year  l9ll.  It  consisted  of  a  boiler  drum 
10  ft.  in  diameter  and  4  ft.  from  front  to  back, 
traversed  by  110  steel  tubes  each  of  3  in.  internal 
diameter,  packed  with  fragments  of  suitable  re- 
fractory granular  material.  To  the  front  of  the 
boiler  was  attached  a  specially  designed  gas  feeding 
chamber  which  delivered  washed  coke-oven  gas  at 


the  ordinary  temperature  and  under  a  pressure  of 
1  to  2  in.  water  gauge  to  efich  of  the  110  com-' 
bustion  tubes.  This  gas,  together  with  a  regulated 
proportion  of  air  from  the  outside  atmosphere,  was 
drawn  under  suction  from  a  fan.  through  a  sliort 
mixing  tube,  into  each  of  the  said  combustioiv  tubes 
«  here  it  was  burnt  without  flame  in  contact  with 


Fig.  2. 

the  incandescent  granular  material.  After  leaving 
the  boiler  tubes  the  products  of  combustion  passed 
onwards  into  a  semi-circular  chamber  at  the  back 
of  the  boiler,  into  a  tubular  feed  water  heater 
and  from  thence  they  were  drawn  by  the  fan  which 
discharged  them  at  a  temperature  of  95°  C  into 
the  atmosphere. 


Fig.  3. 

In  a  series  of  independent  trials  carried  out  on 
the  plant  by  an  eminent  American  steam  engineer 
in  July,  1912,  it  was  found  that,  even  when  the 
boiler  was  not  lagged  and  when  it  was  raising 
steam  at  a  pressure  of  100  lb.  above  that  of  the 
atmosphere,  92'7 !;  of  the  net  heating  value  of  the 
coke-oven  gas  was  transferred  to  the  water  and  sent 
out  as  steam,  the  overall  evaporation  being  at  the 
rate  of  14  lb.  per  sq.  ft.  of  heating  surface  per  hour 
(see  Table  2).     . 

As  is  often  the  case,  the  first  attempt  to  translate 
a  new  idea  of  this  kind  into  everyday  large-scale 
practice  was  not  unattended  with  difficulties,  the 
investigation  of  which  has  taught  us  certain  valu- 
able lessons.  There  was  no  difficulty  whatever 
with   the   Skinningrove  boiler  or  boiler   tubes,   or 
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with  the  gas  feeding  arraugements.  Notwithstand- 
ing the  high  evaporation,  the  mechanical  properties 
of  the  tubes  were  not  in  the  least  impaired,  and  the 
Skinningrove  experiences  have  sliown  that  there 
is  nothing  wrong  with  flic  evaporating  part  of  the 
installation.  On  tlu'  other  hand,  the  t.vpe  of  fan 
put  down  at  first  to  draw  the  gases  through  the 
.system  and  to  discharge  the  cool  i)roducts  ol:  com- 
bustion into  the  atmosphere  was  found  to  be  un- 
suitable for  dealing  with  corrosive  gases  containing 
small  quantities  of  oxides  of  sulphur  at  the  ex- 
tremelv  low  temperature  of  9-j°  C.,  to  which  the 
))roducts  were  reduced  by  the  feed  water  heater. 
Tlie  burnt  products  had  no  corrosive  action  at  all 
upon  the  boiler  tubes  or  tube  plates,  but  they  were 
found  to  attack  the  outlet  tube  plate  of  the  feed 
water  heaters  and  the  fan  impellers. 

Table  2. 


Itr.^iiltx  tij  Strum    Tiiiil. 

July  ::9tli.  lali. 
Duration  of  tci-t  in  bom's 
.Moan  steam  gas  pr^'ssurc  in  lb.  inT.  S([.  in.  aljovc 

atTnosphtiic     . . 
Total  gas  l>uint  in  cuhic  ft.  at  N.T.I' 
Net  caloritic  vabio  of  gas  Ji.Th.U.  i>er  cub.  ft.  at 

X.T.P 

Total  ml  licat  supiilicJ.     B.Th.U.    . . 
Teniperatiu-c  of  ])ro(iucts  leaving  boiler  in  Falir.^  . 
Temperature  of  products  iea\iug  feed  water  heater 

in  Fahr.'' 
Total  water  evaporated  in  lb.  from  and  at  -IS^  F. . . 
Evaporation  in  lb.  per  sq.  ft.  of  be.\ting  surface  ikt 

liour 
"o  ol  drvuess  of  steam 

Total  heat  utilised  in  B.Tlr.r 

heat  utilised 

0-927 


97-2 
101,853 

510o 

.".2.003.990 

380(190'  0.) 

202(94-6°  C.) 
"49,82-1 

141 

99-3 

48,208,399 


net  heat  supplied 

6097  watts  =  (say)  S-2  h.p. 


Kutio 

Power  taken  bv  fan\ 
(suet ion  =20'  \V.U.|/' 

The  average  temperature  of  the  prcdncts  leaving 
the  boiler  when  evaporating  at  a  gauge  iJressure 
of  9.3  lb.  to  the  sq.  in.  was  about  195°  C,  or  only 
28°  C.  above  the  temperature  of  the  steam.  The 
effect  of  the  feed  water  heater  first  itistalled  was  to 
reduce  this  temperature  to  practically  95°  C, 
which  was  too  low  to  prevent  corrosive  action. 
According  to  our  experience,  120°  C.  is  the  lowest 
limit  to  which  the  temperature  can  be  reduced  with- 
out the  risk  of  corrosive  action  upon  the  fan.  and 
to  allow  a  sufficient  margin  of  safety  at  light  loads 
it  would  be  preferable  not  to  reduce  it  Ijelow 
130°  C. 

As  there  was  no  superheater,  the  work  which 
could  be  done  by  the  feed  wat<;r  heaters  in  reducing 
the  products  from  19.5°  C.  to  130°  C.  was  so  snuill 
that  it  was  decided,  in  altering  the  Skinningrove 
plant,  to  cut  out  the  feed  water  heater  altogether 
and  to  substitute  fans  running  at  a  lower  speed 
and  fitted  with  water-cooled  oil  ring  lubricated 
bearings  on  account  of  the  higher  temperature  of 
the  products  to  be  dealt  with,  and  this  has  been 
done.  The  efficiency  of  the  plant,  now  that  the 
boilers  are  lagged,  will  still  be  about  90":'  on  the 
net  calorific  value  of  the  gas  supplied,  even  without 
the  feed  water  heater. 

Boilers  with  Itiij'ul  Block  Pmlitirj  fur  Producer  <!(():. 

Several  other  boilers  of  the  Skinningrove  type. 
with  certain  modifications  in  the  packing  and 
burners,  and  reduced  suction,  have  been  installed 
by  the  Bonecourt  Waste' Heat  Boiler  Co..  Ltd., 
London,  on  the  mains  of  the  South  ISIetropolitan 
Gas  Coni]iany  and  the  Gas  Light  and  Coke  Com- 
pan.v.  Froiu  a  technical  point  of  view  we  are  still 
prepared  to  erect  large  boilers  of  the  modified 
Skinningrove  design  for  coke-oven  or  coal  gas,  and 
to  guarantee  their  high  thermal  efficienc.v  and 
smooth  working,  but  as  the  result  of  more  recent 
developments  in  regard  to  the  structural  features 
of  the  boiler,  we  would  now  recommend  one  or  other 


of  the  types  to  be  described  presently,  which  have 
been  duly  protected  by  patent  applications. 

Although  a  boiler  with  100  or  more  tubes,  each 
4  ft.  long  by  3  in.  diameter,  packed  with  loose  frag- 
ments of  a  suitable  granular  refractory  material,  as 
in  the  case  of  the  Skinningrove  boiler,  is  eminently 
suitable  for  use  with  a  perfectly  dustless  and  tar- 
less  gas,  such  as  coke-oven  gas,  it  is  preferable, 
when  dealing  with  gases  which  are  liable  to  contain 
dust  or  tar,  to  substitute  a  special  rigid  system  of 
refractory  surfaces  (.Fig.  4)  over  which  the  com- 
bustible mixture  sweeps  and  in  contact  with  which 
it  is  burnt  at  a  highly  accelerated  rate.  This  has 
enabled  tubes  of  much  greater  length  to  be  used, 
which  has  the  advantage  of  reducing  the  diameter 
of  the  boiler,  reducing  the  number  of  burners,  and 
reducing  the  cost  of  construction  for  a  given 
evaporation.  A  further  advantage  is  that  the 
amount  of  suction  required  has  also  been  consider- 
ablv  reduced. 


Fig.  4. 

The  use  of  this  new  rigid  system  of  refractory 
packing  has  also  reduced  the  maximum  tempera- 
ture produced  on  the  packing  surfaces  in  the  front 
part  of  the  boiler  to  a  degree  certainly  l)elow 
1000°  C,  and  probably  to  about  S.j0°  C.  this  has 
been  done  by  facilitating  the  beat  transmission  to 
the  water  by  free  radiation  from  the  whole  of  the 
packing  surfaces  to  the  tube  walls.  As  an  illustra- 
tion of  these  newer  types  of  boilers  we  ma.v  describe 
the  constructional  features  of  two  boilers  erected 
in  the  year  1914  in  the  Birmingham  district  for 
generating  steam  from  gas  made  in  Kerperlcy  pro- 
ducers (Fig.  5). 


Fig.  5. 

These  boilers  are  each  10  ft.  diameter  by  12  ft. 
long;  each  unit  contains  38  tubes,  6  in.  diameter, 
packed  with  the  special  rigid  .system  of  moulded  re- 
fractory blocks.  Each  of  tlic  tubes  is  provided  with 
its  own  gas  supply,  which  can  be  easily  regulated 
by  means  of  a  wheel-valve  on  the  boiler  front, 
whilst  the  air  requisite  for  combustion,  together 
with  a  regulated  proportion  of  gas.  is  drawn  into 
each  tube,  through  a  short  mixing  chamber,  by  the 
suction  of  an  electrically  driven  fan  situated  at  tho 
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back  of  the  installation.  Each  unit  will  evaporate 
up  to  15,000  lb.  of  water  from  and  at  100°  C.  per 
hour.  The  combustion  in  the  tubes  is  perfect,  and 
when  operating  at  a  gauge  pressure  of  85  lb.  per 
sq.  in.  the  products  leave  the  system  (there  being 
no  feed  water  heater  included  in  the  installation) 
at  less  than  250°  C. 

These  two  boilers,  it  may  be  said,  have  been  run- 
ning continuously .  for  nearly  five  years,  and  no 
tubes  have  j^et  had  to  be  renewed  in  them. 

The  only  criticism  which  we  have  to  pass  as  the 
result  of  experience  gained  in  working  them,  and 
which  led  us  to  adopt  further  modifications,  is  that 
we  did  not  consider  that  a  burner  system  which 
involved  the  use  of  separate  wheel-valves  for  each 
tube  of  the  boiler  could  be  regarded  as  finality,  and 
that  it  would  be  an  advantage,  from  the  point  of 
view  of  evaporative  power,  if  by  any  means  tubes 
of  smaller  diameter  and  still  greater  length  could 
be  adopted  in  order  to  increase  the  heating  surface. 

The  next  step  was  an  important  improvement  in 
the  design  of  the  burner,  which  has  enabled  us  to 
dispense  entirely  with  separate  control  for  each 
boiler  tube  and  to  feed  a  whole  nest  of  tubes  from 
a  gas-box  controlled  by  one  valve.  The  elements  of 
this  design  are  shown  in  Fig.  6.     The  illustration 


the  system  in  a  spiral  motion  and  rapidly 
their  sensible  heat  to  tlie  water. 


iive  up 


lu..  U. 

of  this  newest  burner  shows  a  gas  chamber  con- 
trolled by  one  valve  capable  of  supplying  gas  to 
a  nest  of'  26  boiler  tubes.  Tlie  gas  is  fed  into  the 
chamber  from  a  main  on  which  there  is  a  cock  con- 
trolling the  pressure  in  the  gas-box.  The  front 
of  the  box  is  bored  with  a  number  of  holes,  of  the 
correct  size,  each  of  which  is  immediately  opposit-e 
the  axis  of  one  of  the  boiler  tubes.  These  holes  are 
of  uniform  bore,  but  their  diameters  are  adjusted 
by  a  rimer  in  such  a  way  that  with  a  given  gas 
pressure  in  the  box  each  delivers  exactly  the  correct 
cjuantity  of  gas  to  each  boiler  tube  even  when  that 
quantity  may  vary  slightly  in  different  tul>es. 
Hence  the  quantity  of  gas  admitted  to  each  tube 
depends  simply  upon  the  pressure  in  the  box,  which 
is  controlled  by  the  single  valve  referred  to.  AVhile 
the  quantity  of  gas  is  controlled  by  the  gas  pressure, 
the  air  is  controlled  by  the  fan,  and  all  the  operator 
has  to  know  is  how  to  vary  the.  two  together  for 
different  loads,  which  information  is  given  him  by 
the  company's  expert  when  the  boiler  is  first  put 
into  commission. 

Boilers  with  Spiral  raclcing. 
The  next  illustration  (Fig.  7)  shows  a  small  boiler 
operati)ig  on  London  coal  gas  with  natural  draught 
fitted  with  such  a  feeding  chamber.  The  boiler 
contains  26  tubes,  each  2  in.  in  diameter  and 
4  ft,  long.  Each  tube  is  fitted  with  an  iron  packing 
of  spiral  form  (Fig.  8),  the  front  part  of  which  be- 
comes red-hot  and  acts  as  the  catalysing  surface  for 
the  combustible  mixture,  and  so  completes  the  com- 
bustion flamelessly  in  the  first  foot  of  the  boiler 
tube.     The  products  of  combustion  sweep  through 


Experiments    upon   Superheat. 

During  the  early  stages  of  the  development  of 
our  designs  we  were  concerned  mainly  with  the 
problem  of  evaporation  and  heat  transmission.  Tho 
important  subsidiary  problem  of  superheat  was  left 
until  later.  It  was  of  course  recognised  that  it 
would  be  impossible  to  develop  the  .system  for  large 
power  station  work  where  high  superheats  are  re- 
quired unless  a  satisfactory  solution  of  the  sub- 
sidiary problem  had  been  arrived  at.  During  the 
war    the    problem    was   tackled    at   the    Bonecourt 
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Fig.   7. 

Waste  Heat  Boiler  Company's  works  on  an  ex- 
perimental scale,  with  results  which  have  enahk'd 
the  boiler  design  to  be  modified  so  as  to  provide 
for  superheats  up  to  the  highest  degree  required 
in  modern  power  station  practice.  As  these  .ex- 
periments were  begun  at  a  time  when  we  were 
using  tubes  of  6  in.  diameter,  the  well-known  and 
well-tried  locomotive  type  of  superheater  adapted 
for  insertion  in  fine  tubes  of  5i  in.  diameter  or 
thereabouts  was  first  tried. 

Fig.  8. 

In  the  first  experimental  arrangement  a  tube 
13  ft.  long  and  6  in.  diameter  was  packed  for  the 
first  4  ft.  of  its  length  with  the  aforesaid  rigid  block 
packing,  for  the  next  6  ft.  with  a  superheater  ele- 
ment, and  for  the  remaining  3  ft.  with  a  specially 
shaped  packing.  The  tube  was  fitted  into  a  boiler 
shell  18  in.  diameter  suitable  for  a  working  pressure 
of  100  lb.  to  the  sq.  in.  The  gaseous  mixture  was 
burnt  and  the  temperature  of  the  products  reduced 
to  13(10°  F.  (about  700°  C.)  before  reaching  the 
superheater  clement,  and,  after  leaving  the  latter, 
the  sensible  heat  remaining  in  the  products  was 
rapidly  given  up  to  the  water  in  the  boiler.  By 
means  of  this  arrangement  steam  at  100  lb.  pressure 
was  superheated  192°  F.  to  a  total  temperature  of 
.530°  F.,  while  at  the  same  time  the  tejnperature  of 
the  products  leaving  the  svstem  was  reduced  to 
442°  F.,  which  was  only  104°  F.  (58°  C.)  above  the 
temperature  of  the  saturated  steam  in  the  boiler. 
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No  feed  water  heater  was  attached  in  this  experi- 
ment. In  another  experiment  a  superheat  of  340°  F. 
was  obtained;  the  total  temperature  being  678°  F., 
but  in  this  tasu  the  temperature  of  the  products 
leaving  the  system  rose  to  500°  F.,  or  162°  F., 
(90°  C.)  above  that  of  the  saturated  steam  in  the 
boiler. 

The  improvements  already  described  in  the 
burners  of  the  boilers,  and  the  return  to  tubes  of 
smaller  diameter  made  it  advisable  to  discard  the 
locomotive  type  of  superheater  in  favour  of  a  modi- 
fied type  of  that  commonly  used  in  Lancashire 
boilers. 

Finally  a  complete  unit,  as  shown  in  Fig.  9,  com- 
prising the  boiler,  burners,  superheater,  feed  water 
heater  and  fau,  all  on  one  foundation,  has  been 
designed.  The  boiler  itself  is  6  ft.  diameter  by 
18  ft.  long.  There  are  two  nests  of  tubes  which  are 
packed  with  the  iron  spiral  packing  already  re- 
ferred to.  Each  nest  is  fired  from  one  burner-box 
and  controlled  by  one  valve.  The  packing  of  the 
tubes  is  so  arranged  that  the  products  of  combus- 
tion will  pass  from  the  boiler  to  the  superheater  at  a 
temperature  of  500°  C,  more  or  less  according  to 
the  amount  of  superheat  required,  while  the  sensible 
heat  contained  in  the  gases  leaving  the  superheater 


Fig.  9. 

is  recovered  in  the  feed  water  heater,  the  tempera- 
ture of  the  gases  being  reduced  to  130°  C.  in  the 
feed  water  heater,  at  which  temperature  they  enter 
the  fan.  Such  a  combined  arrangement  of  boiler, 
ruperheater,  and  feed  water  heater  in  one  unit 
has  the  advantage  that  it  allows  of  a  greatly 
increased  evaporation  in  the  boiler  itself  per 
unit  of  heating  surface  as  compared  with  the 
former  arrangement  of  boiler  only,  and,  so  far  as 
can  be  estimated  from  our  experiments,  this  small 
boiler  would  easily  evaporate  20,000  lb.  water  from 
and  at  212°  F.  per  hour  when  supplied  with  coke 
oven  gas,  and  15,000  lb.  from  and  at  212°  F.  per 
hour  when  supplied  with  producer  gas.  In  either 
case  the  suction  would  not  he  more  than  9  in.  of 
water,  and  the  overall  thermal  efficiency  would  be 
the  same  as  in  the  original  Skinningrove  unit. 

As  the  pressure  at  which  steam  is  generated  in 
modern  central  power  stations  is  rapidly  increasing 
it  is  interesting  to  note  that  the  boiler  shown  in 
Fig.  9  can  be  made  out  of  ordinary  plate  for  a 
working  pressure  of  450  lb.  to  the  sq.  in. 

Objections  .sometimes  put  forward  against  shell 
boilers  are  not  applicable  to  the  Bonecourt  boiler 
as,  like  the  shells  used  in  water-tiibe  boilers,  they 
are  neither  subjected  tcr  contact  with  the  hot 
gases,  nor  used  as  part  of  the  heating  surface. 
Sloreover,  unlike  some  water-tube  boilers,  the  shell 
plates  are  not  drilled  to  accommodate  tubes.  They 
have  the  great  advantage  over  water-tube  boilers  in 


that  there  is  no  internal  pressure  tending  to  burst 
the  tubes.  The  tubes  are  floated  by  the  water,  and 
as  the  water  can  flow  to  the  heating  surface  over  the 
whole  length  of  the  tubes  instead  of  only  at  one 
end,  the  boilers  can  be  forced  in  an  extraordinary 
manner  without  risk  of  priming  or  of  burning  the 
tubes  out. 

In  water-tube  boilers  it  is  common  practice  to 
couple  a  number  of  shells  in  parallel.  In  the  Bone- 
court  boiler,  not  only  can  drums  Ix'  placed  side  by 
side,  but  also  one  above  the  other  and  yet  controlled 
by  a  single  set  of  steam  fittings.  One  of  the  last 
forms  of  the  boilers  recently  installed  for  coke-oven 


Fig.  10. 

gas  at  a  colliery  in  Cumberland  is  shown  in  Fig.  10. 
From  these  remarks  it  will  be  seen  how  easy  it  is 
to  make  a  Bonecourt  multi-drum  boiler  for  almost 
any  output  and  for  any  desired  pressure  and  super- 
heat, the  space  occupied  being  far  less  than  that 
of  any  other  boiler.  Back-firing  is  impo.ssible,  and 
there  are  no  large  combustion  chambers  in  which 
dangerous  explosions  can  occur. 

Waste  Heat  Boiler  Dcvclupmcnt. 

In  addition  to  the  development  of  surface  com- 
bustion boilers  described  in  this  paper,  considerable 
progress  has  been  made  commercially  with  the 
installation  of  waste-heat  boilers  m  various  parts 
of  the  kingdom,  for  the  generation  of  steam  from 
the  hot  products  of  combustion  discharged  from 
internal    combustion   engines   and    industrial    fur- 


Dr.  Chakles  Carpenter  presided  ITT  the  afternoon 
session,  when  Prof.  Bone's  paper  was  discussed. 


Discussiox. 

Mr.  H.  .T.  Ping  said  that  three  years  ago  his 
firm  had  put  down  a  Bonecouit  boiler;  the  imme- 
diate advantages  of  it  were  that  they  had  not  to 
arrange  for  coal  carting  nor  for  the  disposal  of 
ash.  whilst  a  big  chimney  stack  was  not  required. 
The  whole  thing  was  self-contained,  and  all  capi- 
tal expenditure  on  the  items  he  had  mentioned 
was  cut  out.  In  addition  there  were  no  stand-by 
losses  worthy  of  mention  such  as  there  would  be 
with  a  large  range  of  steam  boilers,  Lancashire, 
water  tube,  or  Cornish,  and  as  the  boiler  was  lagged 
the  total  losses  were  slight.  The  furnace  which 
he  had  installed  had  five  burners  and  five  6-inch 
tubes,  with  solid  fireclay  packing  of  the  spiral  type. 
There  were  two  or  three  periods  during  the  day 
when  the  load  was  zero  and  two  or  three  periods 
when  it  was  a  maximum.  The  working  of  the 
boiler  was  very  simple,  the  attendant  being  sup- 
plied with  instructions  based  on  their  knowledge 
of  the  working  conditions  in  the  factory,  showing 
the  number  of  burners  he  was  to  work  at  each  half- 
!   hourly  period. 
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Dr.  W.  R.  Ormandy  asked  what  was  the  limit  of 

lioorness  of  the  gas  which  it  was  possible  to  employ 
m  this  boiler  and  if  it  had  answered  to  xisc  pre- 
heated air  when  ttsing  gas-  of  a  very  low  calorific 
value,  say  100  B.Tu.U.  He  also  asked  whether  in 
works  where  producers  were  installed,  having  re- 
gard to  the  losses  jiecessarily  entailed  in  running 
producers,  the  overall  efficiency  plus  the  producer 
loss  would  show  any  advantage  over  a  direct-fired 
boiler  which  was  run  economically,  unless  the 
producer  was  able  to  use  a  low-grade  fuel  which 
could  not  be  employed  upon  modern  mechanical 
stokers.  It  was  that  aspect  of  affairs  which  would 
largely  determine  whether  it  would  pay  to  install 
this  type  of  boiler.  Some  15  j'ears  ago  Mr.  Lester, 
of  jNIanchesfcr,  had  made  a  small  model  boiler 
consisting  of  a  copper  tube  of  about  J  in.  dianiet-er 
and  3  ft.  long  surrounded  with  a  copper  tube  1^  in. 
diameter.  Cold  water  was  fed  through  the  annular 
space  from  the  bottom  and  steam  taken  off  at  the 
top,  and  a  mixture  of  coal  gas  and  air  was  blown 
into  the  top  of  the  .smaller  inner  tube  under  suffi- 
cient iircssure  to  form  a  long  fine  jet,  the  velocity 
being  such  that  back-firing  could  not  take  place. 
With  that  an  efficiency  of  99-2,  of  the  total  heat 
value  was  obtained  and,  indeed,  the  apparatus 
could  Ije  used  as  a  means  of  measuring  the  thermal 
efficiency  of  the  gas  comparable  in  accuracy  with 
the  ordinar.v  Boys  calorimeter.  That  scheme  did 
not,  however,  appear  to  he  capable  of  being  worked 
out  on  a  large  scale. 

Prof.  Bone  said  that  Dr.  Ormandy  had  asked 
whether  gases  of  low  calorific  value  could  be  used. 
He  had  already  explained  that  they  were  ^\ork- 
ing  with  ammonia  recover,v  producer  gas  of  about 
140  B.Th.F.,  but  he  presumed  Dr.  Ormandy  re- 
ferred to  low  grade  blast-furnace  gas.  Very  soon 
after  the  earliest  experiments  had  been  made  he 
had  hacl  the  opportunity  of  testing  the  experimental 
boiler  tubes  on  blast-furnace  gas  at  the  Skinnin- 
grove  works,  and  had  found  that  the  surfaces  could 
not  be  got  to  glow  sufficiently,  by  feeding  in  blast- 
furnace gas  and  air  in  proper  jn-oportions,  to  induce 
a  ver.v  satisfactor.v  surface  combustion.  The  boiler 
tube  was  then  start-ed  with  a  little  coke-oven  gas 
from  the  batteries  near  b,v,  and  as  soon  as  the 
material  was  in  a  sufficient  state  of  glow  the  mix- 
ture of  blast-furnace  gas  and  air  was  turned  on 
and  the  boiler  worked  satisfactoril.v.  About  five 
minutes  was  sufficient  for  that  purpose.  Once  the 
surface  at  the  front  end  of  the  tube  was  in  a 
satisfactory  state  of  incandescence  the  process 
would  go  on.  The  cjuestion  of  putting  down  a 
l)oiler  for  blast-furnace  gas  in  preference  to  a 
generating  plant  had  been  mentioned.  In  that  case 
the  blast-furnace  gas  would  have  to  be  so  clean 
that  greater  efficiency  would  be  obtained  by  put- 
ting it  into  an  internal  combustion  engine  than  in 
an.v  boiler  system  or  even  a  steam  turbine.  There 
were  circumstances  in  which  the  employment  of 
an  internal  combustion  engine  with  blast-furnace 
gas  was  not  desirable,  in  which  case  there  woidd 
be  no  difficulty,  if  the  gas  was  cleaned — by  an 
electrostatic  method  preferably — in  dealing  with  it 
on  the  same  lines  as  they  did  with  producer  gas. 
With  regard  to  Mr.  Lester's  experiments,  he 
believed  that  the  amount  of  gas  fed  into  the  tubes 
was  only  a  few  cubic  feet  an  hour,  and  if  he  him- 
self were  to  feed  the  same  quantity  of  gas  through 
his  own  tubes  at  that  rate  he  would  be  able  to  get 
the  same  efficienc.v  of  over  99%. 

Mr.  KiRivE  saicl  that  jiist  before  the  war  started 
he  had  gone  over  to  Cockerill's  works  in  Belgium 
and  made  experiments  with  blast-furnace  gas  on 
6-in.  tul>es  12  ft.  long,  but  he  had  had  some  diffi- 
cult.y  with  it.  An  evaporation  of  20  lb.  per  square 
foot  of  heating  surface  was  obtained  with  blast- 
furnace gas,  but  it  was  very  difficult  to  burn.  He 
had  to  start  b.v  getting  the  gas  into  the  tubes  at 
a  very   slow   rate,   and   when   it  became  properly 


mixed — he  was  not  working  with  an  explosive  mix- 
ture— he  could  speed  up  very  much;  provided  the 
combustion  were  completed  before  the  water-cooled 
tube  was  reached  everything  went  well.  Cockerill's 
had  been  so  satisfied  with  the  demonstration  on  a 
single-tube  boiler  that  they  had  determined  to  put 
up  a  big  blast  furnace  gas-fired  boiler  and  turbine 
and  run  it  side  by  side  with  their  big  blast-furnace 
gas  engines  to  see  which  was  the  best  proposition. 
Just  as  they  had  started,  however,  the  war  had 
broken  out.  He  believed,  however,  that  there 
would  be  no  difficulty  in  using  blast-furnace  gas, 
but  it  would  not  be  po.ssible  to  use  a  very  long 
boiler  unless  the  air  were  pre-heated.  Pre-heatiug 
of  the  air  woidd  undoubtedly  make  it  so  much  easier 
to  burn  blast-furnace  gas,  and  for  this  purpose  he 
would  use  an  air  heater  of  the  underfeed  stoker 
make  at  the  exhaust  end  in  order  to  enable  the 
boiler  to  be  made  as  long  as  possible.  AVith  regard 
to  the  question  of  the  overall  cfficienc,v,  the  boiler 
efficienc.v  was  a  little  over  90%  with  a  feed  water 
beater,  but  the  producer  efficienc.v  was  not  more 
than  7-5  or  80%,  so  that  the  combined  result  was 
not  better  than  that  obtained  with  a  direct  fired 
coal  boiler,  and  the  proposition  onl.y  became 
interesting  if  the  b.v-products  could  be  recovered. 
That  necessitated  a  large  scheme,  and  it  would 
probabl.v  onl.v  pay  to  put  in  a  producer  with  a 
boiler  in  a  large  power  scheme  where  the  b.y- 
jiroducts  were  recovered.  The  next  i^oint  raised 
was  about  the  explosive  mixture  and  back-firing. 
When  the.v  had  first  started  these  boilers  they  had 
worked  with  an  explosive  mixture,  and  had 
attempted  to  pass  it  through  the  hole  at  such  a 
high  speed  that  it  could  not  fire  back,  hut  .some- 
times it  woidd  do  so.  The.v  had  then  tried  to  dis- 
pense with  explosive  mixtures  and  to  make  it  im- 
possible for  the  charge  to  baok-fire.  The  air  was 
drawn  in  by  the  fan,  and  the  mixing  of  the  air  and 
gas  took  place  in  the  tubes  while  combustion  was 
goin.g  on.  The  first  part  of  the  combustion  took 
place  b.v  flame,  and  it  was  accelerated  by  the  refrac- 
tory material  in  the  tubes.  How  much  took  place 
by  flame  and  how  much  by  surface  combustion  he 
did  not  know,  but  it  did  not  matter  because  the 
combustion  of  the  gas  was  complete  with  approxi- 
mafel.v  the  theoretical  quantit.v  of  air.  The.v  had 
also  done  a  good  deal  of  work  in  connection  with 
the  recovery  of  waste  heat,  most  of  it  with  gas- 
engine  exhausts,  l>ecause  the  gas  engine  had  plenty 
of  power  to  drive  the  gases  through  the  tube.  The 
chief  advantage  of  the  Bonecourt  waste-heat  boiler 
over  the  ordinary  waste-heat  boiler  was  that  large 
and  thick  tuljes  could  be  used  which  could  easil.v  be 
cleaned  on  the  water  side.  The  amount  of  water  in 
the  boiler,  also,  was  considerablv  reduced,  so  that 
steam  was  got  up  much  more  (|uickl.v  and  condensa- 
tion of  the  products  in  the  tubes  only  took  place 
while  the  water  was  getting  hot;  it  was  condensa- 
tion in  the  tubes  wlule  the  boiler  was  getting  hot 
that  caused  corrosion  of  the  ordinar.v  waste-heat 
boiler  tube,  so  that  the  objection  to  the  ordinary 
wa.ste-heat  boiler  was  completely  eliminated  by  the 
Bonecourt  boiler.  The  boiler  could  also  be  made  so 
•short  that  it  could  lie  got  into  quite  a  small  space 
and  turned  vertically  upwards  without  the  efficienc.v 
being  in  anv  wa.v  impaired. 

The  Ch.virjian  said  he  thought  the  authors  had 
proved  that  a  steam  boiler  could  be  made  an 
economical  appliance,  and  that  if  it  were  desired 
to  convert  hot  water  into  steam  it  eoidd  be  done 
by  the  means  which  had  l>een  described,  alwa.vs 
provided  that  the  gas  was  obtained  under  economi- 
cal conditions.  One  speaker  had  said  that  one  of 
the  advantages  of  the  Bonecourt  .system  was  that 
the  boiler  cnndd  be  switched  on  and  ofl"  very  much 
like  a  motor,  and  it  had  then  been  pointed  out  that 
that  was  all  very  well  as  long  as  there  was  an 
independent  supply  of  gas ;  but  if  the  supply  of  gas 
had  to  be  incorporated  with  the  steam-raising  plant, 
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then  they  were  face  to  face  with  stand-by  losses. 
He  thought  that  the  stand-by  losses  of  a  producer 
would  not  be  anythini;  like  those  in  the'  case  of  an 
internal  or  Babtock  fired  boiler.  In  other  words 
there  was  a  much  greater  control  over  the  produc- 
tion of  gas  in  a  producer  than  by  handlinn;  the 
dampers  in  any  of  the  ordinary  forms  of  boiler. 


THE    PRODUCTION  OF   STEAM    FROM 

LOW-GRADE  FUEL   AND    A  CHEMICAL 

WORKS  POWER  PLANT. 

UY  P.   lURRlSH,  A. I.e. 

The  application  of  a  hard  and  fast  rule  is  im- 
possible when  determining  the  best  type  of  prime 
mover  for  a  chemical  works.  Much  depends  upon 
the  nature  of  the  operations,  what  these  involve 
in  the  shape  of  power  and  heat,  whether  the  dis- 
position of  the  chemical  plant  admits  of  the  power 
plant  being  centralised,  or  whether  such  plant 
necessitates  the  installation  of  a  number  of  small 
power  units  at  various  points  throughout  the  works. 

The  major  portion  of  the  prime  mover  at  the 
works  under  review  is  required  in  connexion  with 
plant  for  :  — • 

(1)  Disengaging  ammonia  from  ammoniacal 
liquor,  which  is  treated  in  continuous  columnar 
stills;  the  gaseous  ammonia  being  absorbed  in  such 
a  way  as  to  produce  liquor  ammonia,  ammonium 
sulphate,  sulphite,  chloride,  and  polysulphide. 

(2)  Promoting  the  formation  of  sulphuric  acid  in 
the  chamber  proce.ss. 

Approximately  1000  tons  of  gas  liquor  is  treated 
per  day,  and  about  75  tons  of  chamber  acid  is  made 
per  day.  Other  chemical  processes  are  conducted, 
but  those  named  are  the  most  important.  The 
several  processes  involve  a  variety  of  chemical  and 
mechanical  operations,  which  may  be  briefly  cited 
as  follows: — Distillation  (under  pressure  and  under 
vacuum),  condensation,  calcination,  concentration, 
dissolution,  crystallisation,  lixiviation  in  vacuum 
filters,  filter-pressing,  centrifuging,  drying,  grind- 
ing, disintegrating,  screening,  elevating,  and  con- 
veying, etc.  Despite  these  several  operations,  the 
power  load  is  relatively  small  compared  with  the 
total  prime  mover  required,  and  constitutes  only 
18 — 20%  of  the  aggregate  load. 

As  steam  is  the  best  medium  for  disengaging 
ammonia  from  ammoniacal  solutions,  not  only  from 
the  point  of  view  of  its  heat  value,  but  also  as 
regards  its  carrying  effect,  it  would  appear  that  the 
choice  of  a  prime  mover  is  for  the  most  part  confined 
to  steam. 

The  chemical  works  in  question  are  immediately 
adjacent  to  the  gas  works,  where  large  quantities 
of  coal  are  carbonised,  and  as  the  resultant  coke 
has  to  be  graded  and  screened,  there  is  a  quantity 
of  coke  breeze  immediatelv  at  hand. 

At  one  time  the  disposal  of  this  material  pre- 
sented difficultv-.  but  the  progressively  increasing 
price  of  fuel  of  late  years  has  compelled  attention 
to  its  disposal. 

The  production  of  steam  from  low-grade  fuel  is 
a  matter  of  fundamental  importance.  Certainly  the 
problem  is  not  a  new  one,  but  it  can  hardly  be  said 
that  finality  in  the  matter  of  efficiency  has  been 
reached.  C'cke  breeze  is  a  very  indefinite  term  and 
niav  mean  almost  anything.  Some  gas  engineers 
describe  it  as  all  the  material  passing  through  a 
S-incli  screen.  Others  would  regard  such  material, 
or  at  le;ist  that  passing  a  J-inch  screen,  as  coke 
du'it.  Whatever  the  correct  definition  of  coke  breeze 
mav  have  been,  it  is  certain  that  any  such  definition 
will  need  to  be  materially  modified  to  cover  the 
coke  breeze  supplied  during  the  last  two  or  three 
years  of  the  European  war.     Owing  to  the  absence 


of  pickers  at  the  coal  belts,  the  ash  content  of  the 
coal  increased  appreciably,  and  obviousl.v  this  had 
its  reflex  action  on  the  character  of  the  breeze 
resulting. 

The  subjoined  table  shows  the  weekly  tests  of  the 
breeze  Supplied  during  the  last  three  months:  — 


Date 

Ash 

-  Moisture 

1919 

% 

% 

J.an.  10 

201 

1.3-6 

„     17 

17-7 

12-8 

,.24 

170 

160 

..    ai      .. 

27-7 

138 

Feb.     7       .. 

21-8 

13-7 

..14 

171 

12-7 

..21       .. 

22-4 

14-8 

..28 

21-3 

131 

Jfar.     7 

23-5 

155 

,.14 

20-2 

15-7 

..21       .. 

179 

13-6 

.,28       .. 

240 

leu 

Average  screening  tests  of  such  fuel  are  :  — 

Perront.iae  parsing  J' screen  ..         ..  2r>-74 

..  ..     r       ••  *305 

..      ft-      ..  71-66 

„•    A'      ,.  83-72 

RcDiainiQg  . .  16-28 

It  is  recorded  that  more  than  thirty  years  ago 
Messrs.  Bryan  Donkin  and  Co.  introduced  the 
Perret  furnace  for  the  utilisation  of  this  residue. 
Several  other  furnaces  have  since  been  patented  in 
this  connection,  chief  of  which  are  the  Wilton, 
Victoria,  Crosthwaite.  and  Meldruni. 

In  all  cases  the  furnaces  named  are  for  the  most 
part  constituted  of  a  series  of  cast-iron  air  tubes 
built  up  of  sections.  Each  section  is  provided  with 
serrations,  or  is  so  arranged  that  a  section  forms  a 
series  of  perforations  with  the  abutting  sections. 
A  blank-end  section  is  provided  with  each  furnace 
so  that  the  air  for  combu.stion  of  the  fuel  passes 
through  the  several  serrations  or  perforations 
formed  by  the  various  sections  when  assembled. 
The  air  for  combustion  is  delivered  through  the 
air  tubes  under  pres-sure  and  is  induced  bj-  the 
passage  of  steam  usually  at  boiler  pressure  through 
suitable  jets  or  nozzles.  In  the  case  of  the 
Crosthwaite  furnace  these'nozzles  have  an  orifice 
-^  inch  in  diameter. 

Recent  improvements  in  the  design  of  the  furnaces 
appear  to  have  I)een  directed  to  the  number  and 
size  of  the  holes  for  the  admission  of  the  primary 
air,  with  minimum  dust  percolation,  to  the  blast 
pressure,  as  well  as  to  the  provision  of  a  secondarv 
supply  of  air,  these  factors  tending  to  a  greater 
uniformity  in  the  distribution  and  utilisation  of  the 
air. 

Some  details  of  the  Crosthwaite's  patent  forced 
draught  air  tubes,  with  which  the  author  has  had 
experience,  and  the  arrangement  of  bridges  are 
shown  in  Fig.  1. 

Coke  breeze  or  dust,  whatever  is  the  correct  term, 
possessing  the  characteristics  given,  obviousl.v  lies 
in  a  compact  mass,  presents  considerable  resistance, 
and  renders  uniform  distribution  of  air  at  a  reason- 
able pressure  nest  to  impossible.  Indeed  such  a 
fuel  bed  is  typical  of  the  sand  lute.  --Although 
porous,  there  is  no  uniform  porosity  and  such 
pressures  have  to  be  induced  by  the  operation  of 
the  steam  blast  as  invariably  lead  to  the  introduc- 
tion of  an  excess  of  air  beyond  that  theoretically 
required  for  the  combustion  of  the  carbonaceous 
matter  in  the  fuel. 

Consideration  of  Fig.  1  will  show  that  the  primary 
air  snppiv  is  a  function  of  the  pressure  at  which 
the  steam  blasts  are  operated  and  the  resistance 
caused  by  the  fuel  bed.  Of  course  the  initial 
pressure  created  by  the  injection  of  air  through 
the  fuel  bed  is  counterbalanced  hv  the  suction  of 
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tlie  chimney,  and  the  point  of  equilibrium  is  usually 
immediately  above  the  fuel  bed. 

Tlie  secondary  air  supply  is  alone  controlled  by 
the  chimney  draught.  The  correct  regulation  of 
the  air  is  a  matter  of  some  difficulty,  and  has  to  be 
judiciously  controlled  according  to  the  size  and 
quality  of  the  fuel,  the  porosity  of  the  fuel  bed. 
and  its  condition  as  regards  clinker. 


content  of  the  waste  gases  is  made  strikingly 
evident  in  Fig.  3.  Experience  suggests  that  the 
depth  of  the  fuel  bed  should  be  about  six  inches, 
and  further,  that  it  would  be  an  advantage  if  the 
outer  primary  air  ports  were  capable  of  adjustment 
so  as  to  obviate  the  "  blowing  "  of  the  fuel  bed  at 
points  adjacent  to  the  curvature  of  the  boiler. 
Systematic  and  judicious  clinkering  plays  an 
important  part  in  securing  efficient  results. 
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Fig.  I. 


Many  assume  that  the  best  results  are  obtained 
by  admitting  such  a  quantity  of  primary  air  as  will 
lead  to  the  formation  of  carbon  monoxide,  which 
can  be  subsequently  burned  to  carbon  dioxide.  It 
has  been  suggested  that  this  is  the  best  way  of 
ensuring  a  high  CO.  content  in  the  waste  gases. 

The  author's  experience  of  the  combustion  of  coke 
breeze  in  forced-draught  furnaces  does  not  confirm 
this  view.  Combustion  would  be  very  seriously 
retarded  if  an  attempt  were  made  to  restrict  the 
.supply  of  primary  air  to  such  proportions  as  would 
lead  to  the  formation  of  carbon  monoxide.  The 
resistance  offered  by  the  fuel  bed  is  such  as  to 
necessitate  the  introduction  of  a  quantity  of 
primary  air  sufficient  to  promote  very  largely  the 
production  of  CO,. 


It  is  iisual  to  clinker  the  fires  twice  each  eight- 
hour  shift,  but  no  irrevocable  rule  can  be  imposed. 
Much  depends  on  the  quality  of  the  low-grade  fuel. 
With  coke  breeze  high  in  ash  and  moisture  content, 
it  is  necessary  to  clinker  three  times  per  eight-hour 
shift.  When  working  a  series  of  nine  or  more 
Lancashire  boilers,  as  is  usual  at  the  works  in 
question,  it  is  important  that  the  clinkering  opera- 
tions should  be  conducted,  as  far  as  the  quality  of 
the  fuel  will  allow,  to  a  time-table. 

If  ten  boilers  are  operating  and  the  fuel  is  of 
average  quality,  it  is  seen  that  twenty  fires  have  to 
be  cleaned  in  240  minutes.  This  allows  twelve 
minutes  per  fire.  It  is  usual  to  clinker  and  clean 
the  left-hand  fires  in  boilers  one  to  ten  in  consecu- 
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Analyses  of  the  gases  above  the  fuel  bed  when 
the  latter  is  reasonably  clean  and  under  full  blast 
show  results  as  high  as  16.5%  CO,  and  6-4 %  of  CO. 
Continuous  tests  of  the  waste  gases  leaving  the 
main  flue  (v'ule  Fig.  2)  indicate,  however,  that  such 
a  gas  composition  is  not  maintained  for  long,  and 
further  that  dilution  arises.  The  dilution  was 
traced  to  the  introduction  of  an  excess  supplv  of 
secondary  air  due  to  the  imperfect  fit  of  the  asli-pit 
doors  and  to  the  absence  of  adequate  provision  for 
adjusting  the  quantity  of  secondary  air  admitted. 
Steps  were  immediately  taken  to  remedy  these 
defects  in  design,  with  greatly  improved  results. 

The  importance  of  directing  attention  to  the  COj 


tive  order,  and  then  proceed  in  the  same  order  with 
the  clinkering  and  cleaning  of  the  right-hand  firt-s. 
The  necessity  foi  quick  cleaning  and  re-charging 
is  self-evident.  It  is  iiiiportant  that  the  air-tubes 
should  be  kept  clean.  Fine  dust  passes  through  the 
perforations  in  the  bars  and  must  he  removed 
periodicall.v. 

Another  important  factor  contributing  to  the 
efficient  use  of  low-grade  fuel  has  reference  to  the 
productive  capacity  of  the  boilers.  The  author  has 
had  occasion  to  work  boilers  with  coke  breeze  under 
intensive  conditions,  and  it  was  apparent,  during 
such  periods,  that  the  thermal  efficiency  began  to 
fall;    indeed,    experience    has    clearly    shown    that 
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there  is  a  distinct  relationship  between  thermal 
efficiency  and  productive  capacity.  A  Lancashire 
boiler  which  is  capable  of  evaporating,  say,  600 
gallons  of  water  per  hour  with  best  steam  coal  is 
incapable  of  being  worked  with  coke  breeze  at  a 
maximum  thermal  efficiency  above  a  productive 
capacity  of  400  gallons  per  hour. 


21        24      27      30        33 
Ll».  of  air  per  lb,  of  coal. 
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Waste  Gases. 
Fig.  3. 

It  has  also  been  found  that  the  grate,  as  occa- 
sionally installed  by  the  forced-draught  specialists, 
is  too  long  to  admit  of  maximum  thermal  efficiency. 
By  reducing  the  length  of  the  grate  by  about  20% 
the  temperature  of  the  waste  gases  was  reduced 
from  310°  C.  to  240°  C.  a  lesser  quantity  of  fuel 
was  consumed,  the  capacity  of  the  boilers  was  un- 
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impaired,  and  the  chimney  draught  was  not  pre- 
judicially affected.  As  originally  installed  the 
length  of  the  grate  merely  led  to  the  combustion  of 
extra  fuel  and  an  accession  of  the  temperature  of 
the  waste  gases — very  little  additional  heat  being 


transmitted  to  the  water  in  the  boiler,  largely  due 
to  the  absence  of  adequate  surface  area  for  heat 
transmission. 

Adverse  criticism  has  been  frequently  directed  to 
the  forced-draught  system  of  low-grade  fuel  com- 
bustion by  reason  of  the  high  consumption  of  steam 
in  connection  with  the  blasts.  Various  figures 
reputed  to  represent  the  steam  consumptions  under 
the  conditions  named  have  been  mentioned  from 
time  to  time.  Fig.  4  furnishes  data  in  this  connec- 
tion based  on  the  discharge  of  steam  at  varying 
pressures.  The  diagram  represents  the  mean  of 
two  distinct  determinations. 

In  one  case  the  steam  passing  one  of  the  nozzles 
under  varying  pressures  was  condensed  to  water 
and  measured,  as  such,  at  15°  C.  The  main  steam 
pressure  was  80  lb.  per  sq.  in.  These  results  are 
subjoined  :  — 


Pressure  in  lb. 

per  sq.  in.  thrown 

bv  the  nozzle 


Water  in  gallons  ,„^'5'SL!i?  ^""""k 
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To  confirm  the  accuracy  or  otherwise  of  the  above 
figures,  a  boiler  was  isolated  and  the  steam,  which 
was  duly  measured,  was  used  exclusively  for  the 
jets  of  two  other  boilers.  Results  as  follows  were 
obtained :  — ■ 


Main  steam 
pressure 


Pressure  in  IL. 
per  sq.  in.  thrown 
by  the  jet 


Consomption  of 

steam  per  boiler 

?   ■•ivalent  to 


40 
20 


29-8  galls,  of  water 
16-9    „ 


To  what  extent  the  steam  used  in  the  blasts  for 
inducing  the  supply  of  primary  air  tends  to  form 
water  gas  (a  mixture  of  carbon  monoxide  and 
hydrogen)  is  a  matter  which  is  at  present  under 
investigation.  There  are  evidences  that  a  portion 
of  the  steam  so  used  is  dissociated  and  forms  water 
gas. 

Although  it  is  usual  to  produce  blue  water-gas 
by  an  alternate  "  blow  "  of  air  through  hot  coke 
in  order  to  bring  the  fuel  bed  to  a  state  of  incan- 
descence, and  then  a  "  run  ''  of  steam,  undoubtedly, 
with  a  continuous  steam-saturated,  or  steam-super- 
saturated supply  of  air,  the  Mond  gas  producer 
conditions  are  reproduced  and  producer  gas  is 
formed. 

The  importance  of  frequent  and  systematic 
cleaning  of  the  side  and  bottom  flues  of  the  boilers 
as  affecting  the  question  of  "  drift  "  and  its 
possible  discharge  from  the  chimney  shafts  cannot 
be  too  strongly  urged.  The  entrainment  of  drift 
(that  is  fine  dust  and  grit)  by  the  products  of 
combustion  is  a  direct  function  of  the  velocity  of 
the  gases.  If  the  gases  in  question  exceed  a  speed 
of  6 — S  lineal  feet  per  second,  then  trouble  from 
drift  is  inevitable.  Obviously  as  the  flues  begin  to 
accumulate  dnst,  so  their  cross-sectional  areas  are 
gradually  reduced  with  a  consequent  increase  of 
velocity.  If  these  constrictions  of  flue  areas  are 
coincident  with  a  low  CO,  content  in  the  waste 
gases,  then  two  potent  causes  are  operating  in  the 
creation  of  the  trouble.  It  has  been  found  neces- 
sary to  clean  the  side  and  bottom  flues  each  six 
weeks.  This  work  can  be  effected  during  week- 
ends without  seriously  interfering  with  the  boiler 
plant. 

It  was  originally  thought  that  the  amount  of 
drift  could  be  diminished  by  eliminating  the  finer 
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breeze,  and  it  was  imagined  that  simultaneously  a 
better  fuel  woiild  result.  A  typical  sample  of 
breeze  was  screened,  and  the  various  percentages 
determined.  Further,  in  each  gradation  the  per- 
centage of  ash  was  ascertained  by  combustion  in  the 
usual  way,  with  the  following  results  :  — 
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Naturally  the  ash  would  vary  similarly.  The 
increase  of  ash  content  of  the  screenings  smaller 
than  t'u  inch  is  doubtless  due  to  contaminated  dirt 
in  this  portion  of  the  screenings  and  the  reuuival 
of  this  fine  material  would  be  justified,  not  only 
from  the  point  of  view  of  the  production  of  a  more 
jiorous  fuel,  but  also  by  rea.son  of  the  possible  miti- 
gation of  the  drift  nuisance.  The  above  results 
were  for  the  most  part  so  extraordinary  that  careful 
check  tests  were  applied,  but  these  only  afforded 
confirmation  of  the  above  data. 

Attempts  to  increase  tlie  porosity  of  the  fuel  bed, 
and  to  admit  of  a  better  control  of  the  air  supply 
to  the  boilers,  thereby  reducing  the  possibility  of 
the  formation  of  drift,  by  using  a  proportion  of 
broken  coke,  say  about  50  ;'  of  the  total,  have  not 
been  attended  with  the  success  that  was  antici- 
pated. True,  a  more  porous  fuel  bed  is  secured 
and  the  conditions  arc  favourable  to  the  abatement 
of  the  drift  nuisance,  but  unfortunately  the  finan- 
cial results  of  the  oi>eration  of  the  boiler  plant 
suffer,  as  the  loss  due  to  unburnt  clinker  is  not  cur- 
tailed commensurate  with  the  extra  expenditure 
on  fuel. 

Using  .52'9%  of  broken  coke  with  47'1%  breeze 
the  results  were  as  follows :  — 

FMfl  aiifil i/xis. — Breeze  (184'4;i  tons):  moisture. 
1.300  °{  ;  a.sh,  1-589  ' .     Broken  coke  (•207-75  tons): 


417'^ 


3  ef-f 


Lrbour 
II  ■'hi 


5*  wse  •ei'f 

LHBOUR 

6Zl4 


Coat 
■  t42lon 
--SS-28<^ 


704 
Of  Srs 


Totaf.' 
73  €4^ 


7S224 


CiNteAL 


MIUHieMAKS. 

8  23'f 


CORL 

■/38An 
•53-9Z4 


^6eN£ftAL 

MA/MI/mtil 
12  ZS4 


»st^iiSi 


IRBOUR 
8  IT^ 


CORL 
■/SOton 


7- as  7-68 

M      pen  le.  Of 


TbTal 

69-ea4 


GtHERAL. 

3  36'?- 


i>uim/iA//ce 
JOO'f 


lRBOUf\ 


CODL 

■liSnn 


71- 

FUBL. 


TSfbl    . 

6oe^4 


l1/iMrinMa 
5  74'^ 


coKmL  1-95* 


(RBOOfi 


CORL 

•/l77on 
'4S-3i4 


ass 


Tbtal  ^ 
59  2Vf 


LDEOUR 

'h-8B^ 


COiU 
•liiton 

-5ia7<f 


rsf- 


Total  f6-6bi' 


Ca/£KAl/^i 


Z9S4- 


Lf>aou» 

ii-e-f- 


FUEL 
■178  Ion 
'28  64 


s-f-e 


H 


Pm 


Fic. 


agglomerates,  rnd  that  the  coke  at  the  surface  of 
the  fracture  contains  a  higher  ash  content  than  the 
mass  as  a  whole.  The  results  obtained  are  cer- 
tainly not  in  agreement  with  this  theory,  but  rather 
.suggest  the  variation  to  l>e  due  to  varying  hardness 
of  the  coke,  probably  owing  to  carbonising  con- 
ditions. In  this  case  the  softer,  more  friable  coke 
would  undoubtedly  contain  more  volatile  matter — 
a     condition     which     is     usual     in     carbonisation. 


moisture,  .5"20  '  ;  ash.  1373".  Average:  moisture. 
89  :  ;  ash,  14"9  ;  carbon  (hv  dift'erence).  76'2  ; 
calorific  value  (calc),  11,000  B.Th.U.  per  lb. 

Volume  of  softened  water,  614,070  galls. 

Less  water  "  blown  down,"  24,030  galls-. 

Volume  of  water  evaporated,  -590,040  galls. 

AVeight  of  water  per  lb.  of  fuel,  6'7  lb. 

Temperature  of  feed  water,  57°  O.  =  135°  F. 

Average  steam  pressure,  100  lb.  Abs, 


PARRISH.— THE  PRODUCTION  OF  STEAM  FROM  LOW-GRADE  FUEL. 


33 


Temperature  of  feed  water,  57°  C.  =  13o°  F. 
Average  steam  pressure,  100  lb.  Abs. 
Thermal  efficiency,  6o'8 ''{. . 
Loss  due  to  unburnt  cliuker :  — 

Ash  in  fuel,  14-9%. 

True  ash  in  drv  cliuker,  92-18%. 

Clinker  per  lb.  of  fuel,  0164  lb. 

Carbon  in  drv  clinker,  7'82%. 

Loss  of  carbon  in  0-164  lb.  clinker,  0-013  lb._ 

Loss  of  carbon  based  on  0-762  lb.  carbon,  12-5  ' . 
Using  breeze  exclusively   the  loss,   over  a  three 
months'   period,   due    to    unburnt    clinker  was  as 


follows 

Fuel 

10-30% 

60-39% 


analysis. — Breeze    (412'3    tons)  :    moisture, 
ash,     2931/',;     carbon     (by     difference), 
calorific  value  (calc),  8800  B.Th.U.  per  lb. 
Volume  of  softened  water,  480,010  galls. 
Less  water  "  blown  down,"  17.0.30  galls. 
Volume  of  water  evaporated,  462,980  galls. 
Volume  of  water  per  lb.  of  fuel,  5-0  lb. 
Temperature  of  feed  water.  .55-5°  C.  =  130°  F. 
Average  steam  pressure,  99  lb.  Abs. 
Tliermal  Gfficiency,-61-5%. 

Loss  due  to  unburnt  clinker:  — 
Ash  in  fuel.  29-31  %  . 
True  ash  in  dry  clinker,  87'50%. 
Clinker  per  lb."  of  fuel,  033.5  lb. 
Carbon  in  drv  clinker,  125%. 
Loss  of  carbon  in  0335  lb.  clinker.  0-049  lb. 
Loss    of    carbon    based    on    0-6039    lb.    carbon. 
20-4%. 

Reference  to  Fig.  5,  w  hich  furnishes  comparative 
costs  of  raising  steam,  is  interesting.  The  costs  A 
to  H  represent  published  results  of  several  Govern- 
ment factories.  In  order  to  render  a  comparison 
possible  with  the  results  obtained  at  Phcenis  "\Miarf 
(the  works  under  i-eview)  the  cost  of  coal  on  the 
Government  plants,  instead  of  being  calculated  on 
the  original  basis  of  a  flat  rate  of  £1  per  ton,  Ivas 
been  computed  on  the  price  at  which  a  similar 
quality  coal  could  lie  bought  delivered  Phoenix 
Wharf.  The  price  of  13s.  6d.  per  ton  represents  the 
price  at  which  the  low-giade  fuel — coke  breeze — is 
purchased  from  the  gas-  works.  In  other  respects 
the  figures  speak  for  themselves  and  demonstrate 
the  economy  resulting  from  the  combustion  of  coke 
breeze  when  properly  supervised. 


It  is  impossible  in  the  limits  of  a  paper  of  this 
character  to  deal  with  several  other  important 
factors,  such  as  (1)  water  softening  and  filtration, 
(2)  prehe.iting  of  the  boiler  feed  water,  (3)  the 
necessity  for  a  continuous  supply  of  preheated 
water  to  the  boilers,  (4)  causes  of  priming,  and  (5) 
the  importance  of  the  daily  "  blowing  down  "  of  the 
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boilers,  all  of  which  contribute  to  increased  thermal 
efficiency. 

The  photograph  shows  a  view  of  one  of  the  power 
plants,  of  which  there  are  two  almost  identical 
units  at  the  works  in  question. 

At  most  sulphuric  acid  and  sulphate  of  ammonia 
plants  there  are,  for  the  most  part,  steam-operated 
pumps  for  boiler  feed  water,  cooling  water,  milk  of 
lime  solution,  gas  liquor,  and  "  devil  liquor  " ; 
steam-driven  air  compressors,  steam-driven  self- 
contained  centrifugals,  and  small  steam-power 
units  for  driving  the  elevators  and  conveyors  and 
other  such  plant.  Very  rarely  is  any  attempt  made 
to  utilise  the  exhaust  steam  at  these  works,  and, 
further,  the  several  pumps  and  small  power  units 
are  scattered  and  are  usually  situated  in  the  midst 
of  operations  which  are  far  from  clean.  These 
various  units  are  inclined  to  be  neglected,  they 
become  somewhat  inefficient  in  operation,  and 
maintenance  and  running  costs  are  usually  high. 

The  advantages  of  a  centralised  plant,  as  illus- 
trated, are  essentially :  — 

(1)  Supervision  charges  are  reduced  to  a  mini- 
mum. 

(2)  Force-feed  lubrication  can  be  adopted. 

(3)  The  pumps  and  other  such  plant  are  removed 
from  the  sphere  of  corrosive  liquids  and  gases. 

(4')  There  are  minimum  heat  losses,  due  to  the 
ab.sence  of  several  separate  services. 

(5)  Economy  in  capital  expenditure. 

(6)  A  marked  saving  in  steam  consumption  as  the 
aggregate  load  warrants  the  installation  of  a  con- 
densing engine. 

On  the  other  hand  it  is  conceded  that  the  load  at 
such  a  chemical  works  is  not  altogether  a  con- 
tinuous one,  but  is  only  partially  so,  and  obviously 
centralisation  under  such  conditions  has  some  dis- 
advantages. 

On  the  whole,  the  author  strongly  favours  cen- 
tralisation of  power  plant,  believing  that  the  loss 
incurred  owing  to  a  moderate  load  factor  is  more 
tlian  counterbalanced  by  more  economical  running 
costs,  reduced  repairs  and  maintenance  charges, 
and  economy  in  initial  capital  expenditure. 

It  is  regretted  that  the  length  of  this  paper  pre- 
cludes a  more  extended  reference  to  the  important 
aspect  of  power  plant  in  chemical  works. 

In  conclusion,  the  author  wishes  to  express  his 
thanks  to  Dr.  Carpenter  for  his  kind  permission 
to  publish  the  various  data  embodied  in  this  paper. 
He  also  wishes  to  express  his  thanks  to  Messrs. 
W.  A.  Damon  (B.Sc.l,  F.  S.  Evans,  R.  H.  B. 
Lamprey,  and  O.  W.  Weight  for  their  assistance  in 
carrying  out  various  tests  and  for  determining  the 
data  and  preparing  the  diagrams  and  charts  in- 
corporated in  this  contribution. 

DiscrssTox. 
^fr.  .1.  H.  West  said  that  the  paper  callefl  atten- 
tion to  a  very  valuable  and  much  neglected  means 
of  raising  steam.  It  was  valuable  from  the  national 
point  of  view  as  using  low-gr>ade  fuel.  He  had 
had  some  experience  about  six  years  ago  with  burn- 
ing coke  breeze  tinder  a  battery  of  six  Lancashire 
boilers  in  a  chemical  works,  and  he  had  been  able 
to  make  comparative  tests  between  that  plant  and 
another  plant  of  four  Lancashire  boilers  burning 
bitumen  slack  through  underfed  stokers.  The  two 
works  had  been  making  the  same  products,  so  that 
the  basis  of  comparison  was  quite  good.  From  these 
tests  he  could  fully  bear  out  the  figures  of  cost  given 
bv  Mr.  Parrish,  allowing  for  the  great  difference, 
of  course,  between  pre-war  prices  and  those  ruling 
to-day.  In  his  case  the  coke  breeze  delivered 
alongside  in  barge  cost  6s.  3d.  and  the  coal  slack  in 
the  other  works  cost  13s.  3d.  The  cost  of  fuel 
in  producing  a  ton  of  steam  in  the  case  of  the  coke 
breeze  was  1.3d..  whilst  in  the  case  of  coal  it  wa« 
20-5d.,   the   cost   of   labour  being  8d.    and   6d.    re- 
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spectively.  The  great  trouble  in  using  breeze  was 
the  choking  up  ot  the  side  flues  with  dust.  It  was 
best  to  clean  them  out  every  eix  weeks.  That  was 
sufiiciently  frequent  to  keep  the  velocity  of  the  gases 
down.  Very  often  the  dust  in  the  side  flues  was 
2  ft.  thick  Vhen  they  were  cleaned.  He  had  also 
adopted  the  system  of  cleaning  out  one  fire  of  each 
boiler  at  a  time;  with  six  or  more  boilers  there  was 
a  fire  door  open  the  whole  time,  because  there  was 
a  great  deal  of  clinker  to  be  got  ojut.  That  meant 
a  great  deal  of  cold  air  getting  In  and  a  certain 
amount  of  radiation  loss  in  consequence.  The 
author  had  raised  au  important  point  about  the 
primary  and  secondary  air.  He  had  tried  reducing 
the  primary  air  to  save  steam  on  the  jets,  but  that 
was  apt  to  result  in  incomplete  combustion,  so  that 
unburnt  carbon  monoxide  might  pass  on  in  the 
main  flue  and  cause  explosions  by  mixing  with 
excess  air  from  other  fires.  He  had  got  over  the 
difficulty  by  increasing  the  primary  air  to  the 
proper  extent.  These  explosions  were  particularly 
liable  to  happen  if  any  of  the  fires  were  banked 
owing  to  a  temporary  decrease  in  the  demand  for 
st-eam.  To  sum  the  matter  up,  the  main  advantage 
of  coke  breeze  was  its  cheapness  for  the  calorific 
value.  At  that  time,  and  he  fancied  it  was  so 
to-day,  gas  works  had  very  large  accumulations  of 
coke  bfeeze  which  they  could  not  dispose  of,  but  if 
the  demand  were  to  increase  largely  the  price  would 
probably  rise.  Another  disadvantage  was  the  large 
amount  of  clinker  to  be  handled  and  got  rid  of;  in 
a  London  works  where  one  had  to  pay  to  get  rid  of 
the  clinker  that  was  rather  a  serious  matter ;  there 
would  be  about  three  times  as  much  as  from  coal 
with  7%  ash.  The  capital  cost  of  a  plant  for  burn- 
ing coke  breeze  was  50%  more  for  a  given  duty 
than  that  of  a  plant  burning  coal,  because  the 
boiler  would  only  evaporat-e  400  gallons  with  breeze 
whereas  it  would  do  600  gallons  with  coal.  Finally, 
boilers  burning  breeze  could  not  be  forced  to  any 
extent  if  there  were  an  emergency  demand  for 
steam. 

The  Chairman  said  he  took  it  that  the  last 
speaker's  remarks  related  to  the  use  of  breeze  in 
the  Lancashire  type  of  boiler,  and  if  that  was  so 
he  quite  agreed  with  what  he  had  said,  but  it  had 
always  seemed  to  him  a  barbarous  method  of  steam 
raising  to  burn  breeze  in  a  Lancashire  boiler.  "With 
furnaces  of  the  type  generally  used  in  large  power 
stations  for  steam  raising — the  Babcock  or  Stirling 
type — the  possibilities  were  much  greater,  and  it 
had  been  found — not  perhaps  with  breeze  of  the 
lowest  grade,  but  with  breeze  containing  a  certain 
proportion  of  larger  coke — that  results  could  be 
obtained  as  regards  output  from  the  boiler  nearly 
equal  to  those  obtained  when  using  coal. 

Mr.  H.  M.  RrocE  said  it  seemed  that  the  author 
had  used  an  excess  of  steam  for  blowing  in  his 
primary  air;  if  that  were  so,  it  was  most  un- 
desirable, because  not  only  would  there  be  too  much 
cooling,  but,  with  coke  breeze,  a  considerable  pro- 
portion of  water  vapour  would  pass  undecomposed 
through  the  incandescent  coke,  so  that  heat  would 
be  lost  at  each  stage.  In  the  type  of  boiler  illus- 
trated in  Fig.  1  with  the  fire  bridge  as  shown, 
inter-mixing  the  secondary  air  with  the  gas  and 
probabl.v  partially  burnt  gas  from  the  fire  grate,  no 
reall.v  efficient  result  could  be  obtained  in  regular 
practice  in  his  experience.  He  had  found  it  neces- 
sary to  interpose  division  walls  and  split  up  the 
current  of  gas  to  cause  a  more  efficient  mixing  of 
the  secondary  air  with  the  gas  from  the  fire  grate. 
The  COj  diagram  (Fig.  2^  seemed  to  show  approxi- 
mately about  9%.  At  that  figure  there  would  be 
quite  an  appreciable  amount  of  excess  air  to  be 
heated,  and  the  efficiency  would  be  considerably 
increased  by  reducing  that  excess  air.  It  would  be 
of  great  interest  if  the  author  were  to  give  not  only 
the  exact  figures  of  the  grate  areas,  but  the  quan- 


tity of  coke  and  the  weights  of  steam  used  per 
square  foot  of  grate  area,  so  that  the  figures  could 
be  compared  with  other  results.  Mr.  Parrish  had 
raised  quite  an  interesting  point  about  dust  being 
carried  forward  as  drift,  and  had  compared  it  with 
mechanical  pyrites  burners.  He  could  not  agree 
with  the  author's  figure  of  the  limit  to  which  it 
was  necessary  to  reduce  the  gas  velocity  in 
mechanical  burners.  That  depended  to  a  very 
large  extent  on  the  design,  and,  working  with  a 
much  finer  material  than  the  ordinary  pyrites  fines 
— 90%  of  which,  say,  would  go  through  a  40-mesh 
sieve — it  was  possible  to  use  a  higher  gas  velocit,v 
without  having  an  appreciable  quantity  of  dust 
carried  forward. 

The  Chairman  said  that  the  explosion  in  the  flues 
arose  from  the  fact  that  as  the  fire  was  banked 
there  was  a  thick  body  of  fuel,  and  the  small  bod.v  of 
air  going  through  was  converted  into  carbon 
monoxide,  so  that  if  there  was  not  an  adequate 
supply  of  secondary  air,  or  when  the  fire  door  was 
opened,  an  explosion  generally  occurred. 

Dr.  W.  R.  Ormandy  asked  whether  the  experi- 
ments described  in  the  paper  were  carried  out  on 
a  Lanca,shire  boiler.  He  presumed  they  were, 
because  the  author  spoke  of  the  main  difficulty  in 
dealing  with  coke  breeze  being  the  deadness  with 
which  it  lay  in  the  fire  grates.  That  pointed  to  the 
need  for  some  form  of  moving  bar,  and  he  believed 
that  a  fire-grate  had  been  made  of  the  moving-bar 
type  such  as  was  employed  generall.v  in  the  Babcock 
boiler,  working  with  induced  draught.  He  had 
been  told  that  it  was  possible  with  coke  breeze  of 
J-in.  mesh  to  burn  from  60  to  80  lb.  per  square  foot 
per  hour.  If  that  were  true,  then  the  problem  of 
raising  steam  would  be  rather  a  question  of  what 
the  boiler  could  do  on  the  water  side  rather  than  on 
the  fire  side.  With  regard  to  the  distribution  of 
ash  in  the  smalls  from  vertical  gas  retorts  of  the 
Glover-"West  type,  in  which  steaming  was  employed, 
he  asked  whether  the  water  gas  manufacture,  which 
took  place  in  the  lower  or  hot  portion  of  the  column 
of  smoke,  led  to  the  separation  of  ash,  particularl.v 
on  the  outside  of  the  coke  particles ;  whether,  in 
fact,  the  process  of  steaming  would  result  in  the 
removal  of  a  very  considerable  portion  of  the  ash. 
It  seemed  to  him,  a  priori,  likely  that  in  an 
ordinary  retort  where  the  mass  was  being  heated  by 
external  fire,  and  hot  steam  was  being  passed  over 
the  coke,  there  would  be  a  tendencv  for  concentra- 
tion of  the  ash  on  that  portion.  He  did  not  know 
whether  the  coke  referred  to  in  these  experiments 
was  taken  from  a  vertical  retort  with  steaming,  or 
from  horizontal  or  inclined  retorts.  With  regard 
to  the  secondary  air  it  seemed  to  him  that  the  ideal 
to  be  aimed  at  was  the  use  of  air  in  the  primary  at 
such  a  pressure  that  the  carbon  was  burnt  prac- 
tically to  carbon  dioxide  with  a  minimum  amount  of 
carbon  monoxide  and  the  minimum  requirement  of 
secondary  air.  With  regard  to  the  use  of  wet 
steam  in  .iets,  it  was  essential  to  have  a  standard 
plug  gauge  to  test  the  size  of  the  holes,  because 
they  very  rapidly  enlarged,  and  although  on  a  test 
possibly  the  amount  of  steam  used  in  that  type  of 
stoker  might  be  only  2J  or  3%  of  the  total  steam 
raised  by  the  boiler,  a  similar  test  carried  out  three 
weeks  or  a  month  later  might  result  in  7  or  8% 
of  it  being  used. 

Mr.  Parrtsh.  in  reply,  said  that  he  should  not 
recommend  the  reduction  of  primary  air  except  so 
far  as  the  outer  ports  were  concerned.  If  the 
primary  air  were  reduced,  the  incombustible  matter 
must  of  necessity  increase  and  an  explosive  mixture 
would  be  formed.  The  que.stion  of  the  disposal  of 
clinker  was  one  which  certainly  needed  considera- 
tion. The  clinker  arising  from  the  combustion  of 
coke  breeze  was  about  2J  to  3  times  the  quantity 
resulting  from  the  ordinary  bituminous  coal.  So 
far  as  the  extra  capital  expenditure  on  the  boiler 
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plant  was  concerned  he  did  not  quite  agree  with 
the  figure  mentioned  by  A[r.  AVest  of  50/,.  Some 
calculations  which  he  had  made  revealed  the  fact 
that  not  more  than  25, -  extra  capital  expenditure 
was  incurred.  He  agreed  with  Mr.  West  as  to  the 
difficulty  of  forcing  the  plant,  and  therefore  there 
must  be  sufficient  plant  available  if  the  load  were 
likely  to  be  variable.  Tu  reply  to  Mr.  Ridge,  it 
was  impossible  to  burn  breeze  unless  there  was  a 
certain  pressure  in  the  primary  supply,  and  the 
only  way  to  get  that  was  by  using  certain  quanti- 
ties of  steam.  Taking  the  ordinary  setting  of  a 
Lancashire  boiler,  continuous  tests  made  at  the  out- 
let of  the  boiler  in  the  drop  flue  showed  that  they 
were  getting  143 ':  of  carbon  dioxide  between  3  and 
4  o'clock;  15;  between  4  and  5  o'clock;  13!)  - 
between  5  and  6.30  o'clock;  and  16-9%  between  6.30 
and  8.30 :  these  CO,  contents  were  accompanied  by 
\'i',  11%,  I'l'-,  and  267%  of  carbon  monoxide 
in  the  four  cases  respectively.  Dr.  Carpenter  had 
suggested  that  a  test  which  he  had  given  here  did 
not  correspond  with  the  figures  which  were  illu.s- 
trated  in  Fig.  2.  that  there  was  an  increase  in  the 
CO,  in  the  latter  case.  He  had  decided  to  carry 
out  a  .series  of  tests  right  along  the  boiler  flues  to 
ascertain  the  point  at  which  excess  air  was  being 
admitted.  The  type  of  bar  which  was  supplied  by 
the  Crosthwaite  firm  made  quite  inadequate  pro- 
vision for  closing  the  door  of  the  ash  pit  imme- 
diately below  the  forced  draught  furnaces.  It  had 
therefore  been  closed  by  improvised  means ;  it  had 
then  been  found  that  the  CO.  content  gradually  in- 
creased until  the  figure  he  had  given  was  reached. 

Mr.  P.4RRISH  said  that  was  so.  Even  though  all 
leaks  and  chinks  in  the  brickwork  had  been  made 
perfectly  tight  the  content  of  CO,  in  the  waste  gases 
could  not  be  increased  much  beyond  10%.  He  had 
therefore  decided  that  a  determination  should  be 
made  right  through  the  whole  travel  of  the  gases, 
and  although  he  had  not  completed  that  determina- 
tion he  was  certain  he  was  getting  very  efficient 
combustion  of  the  material  and  that  the  proba- 
bilities were  that  unburnt  carbon  monoxide  might 
possibly  account  for  the  somewhat  low  CO^  content. 
Tlie  size  of  the  secondary  air  ports  was  probably 
such  as  to  lead  to  an  excess  of  secondary  air  for  the 
combustion  of  any  carbon  monoxide  formed.  It 
seemed  as  though  they  were  introducing  too  much 
secondary  air  and  that  that  excess,  which  was  a 
function  of  the  chimney  draught,  and  the  size  of 
the  holes  provided  in  the  forced  draught  bar, 
accounted  for  the  low  CO,  content.  It  had  there- 
fore been  decided  t«  shut  off  two  of  the  secondary 
air  ports,  and  the  determinations  which  he  had  just 
mentioned  were  the  result  of  that  investigation, 
i.e.,  the  CO,  content  was  brought  up' at  the  back 
end  of  the  flue  to  15  ',  and  the  carbon  monoxide 
vaiied  between  11  and  2'67%.  The  oxygen  under 
those  conditions  was  only  2%,  so  it  appeared  that 
although  the  amount  of  secondary  air  could  be  cur- 
tailed, it  could  not  be  curtailed  to  the  extent  that 
had  been  anticipated.  By  careful  adjustment  of 
the  secondary  air  ports  it  was  probable  that  a  CO, 
content  approaching  14%  would  be  obtained;  that 
would  be  a  very  satisfactory  result  with  a  low- 
grade  fuel  varying  in  asli  content  from  15  to  30% . 

The  Ch.^irm.^n  said  that,  as  far  as  he  could  under- 
stand it,  the  diagram  in  Fig.  2  was  put  forward  as 
showing  the  CO,  content  on  the  main  outlet  of  the 
boiler  setting,  and  perhaps  also  the  inlet  to  the 
main  flue,  and  Fig.  3  showed  the  composition  of  the 
main  products  of  combustion  as  they  left  the  furnace 
tube  before  they  were  diluted  by  leakages  from  the 
setting. 

Mr.  H.  M.  Ridge  said  there  were  two  possibili- 
ties ;  he  had  found  them  in  a  parallel  case  himself. 
One  was  that  the  gas  was  being  cooled  too  far  before 
secondary  air  was  admitted,  so  that  complete  com- 
bustion of  the  carbon  monoxide  did  not  take  place; 


the  second  was  that  trouble  might  arise  through 
insufficient  mixing  of  the  secondary  air  with  the 
first  products  of  combustion. 

Mr.  P.^REisH  said  that  the  temperature  of  the 
gases  varied  according  to  the  state  of  the  fire,  and 
whether  clinkering  was  taking  place  or  not,  and 
he  did  not  think  it  could  be  suggested  that  there 
was  any  cooling,  becau.se  the  temperature  of  the 
gases  just  behind  the  bridge  wa.s  017°  C,  and  that 
temperature  was  reducetl  during  clinkering  to 
420° — 430°,  but  then  it  was  immediately  raised 
again  to  610°,  The  temperature  was  610°  at  8.30 
when  the  fire  was  in  full  blast  and  working  well ;  at 
8.4.J  it  was  56.5°:  at  9  o'clock  560°;  at  9.15  it  was 
585°  and  at  9.30  550°.  That  was  quite  a  good  tem- 
perature from  a  material  of  the  character  use3, 
and  yet  the  waste  gases  were  leaving  at  200°  C. 
There  was  some  obscure  point  in  connection  with 
the  combustion  of  this  low-grade  fuel,  and  he 
thought  it  depended  upon  extreme  care  in  regu- 
lating the  primary  and  secondai\v  air.  Further,  he 
was  certain  that  water-gas  was  formed  and  tbeir 
determinations  had  led  them  to  believe  that  at  least 
20  %  of  the  steam  which  was  used  in  the  blasts  went 
to  form  water-gas.  The  combustion  of  that  extra 
carbon  monoxide  and  hydrogen  was  a  matter  which 
necessitated  care  in  regulating  the  secondary  air 
supply.  Mr.  Ridge  had  also  raised  the  question  of 
gas  velocity  in  relation  to  the  mechanical  burners 
and  suggested  that  there  was  no  necessity  to  reduce 
the  velocity  of  the  gas  to  4  feet  per  second.  In  his 
own  experience  in  connection  with  mechanical 
burners  he  had  found  that  that  figure  applied  very 
well  not  onl.vto  Norwegian  pyrites  fines  but  also  to 
Spanish  pyrites  fines,  and  as  far  as  the  dust  in 
connection  with  spent  oxide  furnaces  was  con- 
cerned, which  was  lighter,  it  was  necessary  to  have 
a  lower  velocity  if  it  was  desired  to  eliminate  the 
last  traces  of  dust  to  get  a  satisfactory  Glover  tower 
acid.  In  reply  to  Dr.  Ormandy,  his  experiments 
had  been  carried  out  with  a  Lancashire  boiler.  He 
had  had  an  opportunity  of  inspecting  an  installa- 
tion where  a  moving  grate  had  been  adopted  for 
the  combustion  of  coke  breeze  and  where  induced 
drauglft  under  a  pressure  of  about  5/8ths  water 
gauge  had  been  used,  but  the  results  had  not  been 
so  satisfactory  as  his  own.  Considerable  attention 
had  been  directed  to  the  wearing  of  the  jets,  and  he 
had  found  that  after  twelve  months  the  enlarge- 
ment was  very  small  indeed.  It  depended  upon  the 
material  of  which  the  jets  were  made.  His  per- 
sonal view  about  the  scientific  combustion  of  coke 
breeze  was  that  it  should  be  burned  outside  Lan- 
ca.shire  boilers  in  a  type  of  producer,  and  that  led 
to  three  conditions  :  a  modified  type  of  step  grate 
was  required :  the  producer  must  be  arranged  in 
such  a  way  that  there  was  pre-Iieating  of  the  low- 
grade  fuel,  which  was  essential;  and  the  step  grate 
should  be  such  that  the  clinker  could  be  removed 
almost  automatically.  Under  these  conditions  he 
was  certain  that  this  material  could  be  burnt  to 
advantage  and  much  more  economically  than  was 
represented  in  the  figures  furnished  in  the  paper. 

The  CH-4IRMAN  said  that  the  author  had  described 
an  economical  method  of  raising  steam  arising  from 
the  fact  that  the  fuel  he  had  used  was  very  low  in 
price.  He  had  really  summed  up  the  whole  ques- 
tion in  his  last  remarks,  ri3.,  that  this  type  of  fuel 
should  not  be  burnt  in  a  Lancashire  boiler  at  all. 
It  should  be  gasified  externally  by  a  producer 
properly  designed  for  that  purpose,  and  the  gas  fed 
into  a  boiler  of  some  type,  such  as  the  Bonecourt. 
.\  great  deal  of  coke  breeze  was  being  produced 
all  over  the  country  in  increasing  quantities,  be- 
cause the  coke  which  was  now  being  produced  was 
much  more  friable  than  the  harder  coke  produced 
in  the  oId-fa,shioned  retort  settings.  There  had 
alwavs  been  a  great  scope  for  a  producer  which 
would  burn  breeze;  there  certainly  was  an  increas- 
ing use  for  one  to-dav.     That  was  a  problem  the 
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solution  of  which  would  be  of  very  great  value  from 
the  point  of  view  of  conserving  our  fuel  resources. 
With  regard  to  one  question  raised  by  Dr.Ormandy, 
he  said  that  the  temperature  in  the  lower  part  of 
the  vertical  retort  was  very  low.  The  retort  was 
made  of  cast  iron,  and  he  could  not  imagine  that 
there  would  be  any  difference  in  the  ash  content  of 
the  coke  at  the  edge  or  extremity  compared  with 
the  centre.  He  imagined  that  the  coke  had  been 
fairly  broken  up  by  the  time  it  got  to  the  lower  part 
of  the  retort,  and  that  the  steam  really  played  all 
round  it.  Otherwise  he  did  not  think  the  results 
would  have  been  achieved,  at  any  rate  as  regards 
ammonia  production,  which  had  been  reported  from 
time  to  time. 


A  paper  by  Mr.  H.  Martin  on  "  Electrical  Supply 
in  a  Chemical  Works  "  was  taken  as  read. 


NOTES  ON   THE   ECONOMIC   MANAGEMENT 
OF  SMALL  BOILER  PLANTS. 

BY  J.    W.  HINCHIET,    'VVH.SC.,   A.R.S.M.,   F.I.C. 

In  many  small  chemical  works  where  the  demand 
for  steam  is  irregular,  and  in  those  factories  where 
steam  or  power  costs  are  small  in  ooriiparison  with 
the  total  cost  of  production,  the  steam  boiler  plant 
is  often  neglected,  and,  with  the  exception  of  the 
regular  inspection  by  the  boiler  insurance  company, 
is  left  entirely  to  the  stoker. 

This  habit  of  mind  on  the  part  of  the  manage- 
ment may  be  due  to  several  circumstances.  A 
common  cause  is  the  limited  supply  of  controlling 
"  brains  "  or  the  overloading  of  those  in  use.  with 
the  result  that  what  can  be  left  alone  is  left  alone. 
Often  the  possibilities  of  saving  in  other  directions 
are  so  great  as  to  attract  all  efFort ;  but  generally 
most  managers  feel  that  attention  to  the  boiler 
plant  does  not  give  an  adequate  return.  It  is  sad 
to  state,  however,  that  personal  jealousy  and 
ignorant  conceit  often  preserve  a  bad  state  of 
affairs  in  the  boiler  house  and  other  places,  when 
the  rest  of  the  factory  may  be  well  managed. 

During  the  recent  coal  difficulties  another  factor 
— restriction  of  supply — has  compelled  most  firms 
to  pay  attention  to  the  problem,  but  success  in  small 
plants  can  only  be  achieved  by  educating  the 
stokers  and  giving  them  an  incentive  to  economical 
working.  The  recent  increase  in  the  price  of  coal 
will  make  everybody  contemplate  change. 

It  is  easy  to  .Idd  accessories  to  boiler  plant  and 
make  definite  savings,  and  from  a  national  point 
of  view  these  are  justified  by  a  bare  return,  but  in 
many  cases  it  is  po.ssible.  without  any  addition  to 
the  plant,  to  save  the  whole  of  the  waaes  of  the 
stokers  by  reasoning  educational  talk  and  by  giving 
them  a  material  benefit  from  their  more  efficient 
work. 

The  ordinary  equipment  usually  consists  of  one 
or  more  hand-fired  Lancashire  or  Cornish  boilers 
with  chimney  draiight  and  a  few  simple  accessories. 
It  is  common  to  find  that  an  injector  is  relied  on 
for  any  irregular  water  feeding,  while  a  pump 
attached  to  the  main  engine  deals  with  the  water 
for  the  power  demand.  In  the  best  plants  a 
separate  "  Worthington  "  or  similar  feed  pump  is 
provided.  Economisers.  feed  water  heaters,  and 
purifiers  are  not  so  common. 

In  many  cases  an  increase  in  the  boiler  capacity 
has  become  a  constant  worry  and  need,  when  a  little 
education  on  the  part  of  the  stoker  would  prove 
that  there  was  ample  capacity. 

_A  steam  boiler  is  a  "  high  pressure  continuous 
still,"  and  should  lie  treated  .as  such.  The  effect 
of  intermittent  hand-firing  in  tending  to  make  the 
stoker  adopt  such  discontinuous  methods  generally 
must  be  resisted  if  he  wishes  to  secure  the  highest 
efficiency. 


The  systematic  chemical  and  physical  examina- 
tion of  "the  fuel  and  the  flue  gases,  the  latter  at 
different  periods  in  the  operation  of  the  boilers,  is 
not  a  difficiilt  routine  matter  to  establish  even  in 
a  small  chemical  works,  but  unless  the  results  are 
made  intelligible  and  discussed  between  the  stoker 
and  the  chemist  no  real  improvement  may  be 
expected.  The  draught  available  at  each  boiler 
should  be  considered  by  the  stoker  in  firing.  In 
those  cases  where  low  chimneys  are  provided  (and 
a  60-foot  chimney  is  occasionally  found !)  a  very 
thin  fire  is  essential,  and  its  management  calls  for 
constant  attention  on  the  part  of  the  stoker  to  get 
a  reasonable  amount  of  coal  burnt  efficiently. 

The  effect  of  heat  transmission  on  the  efficiency 
of  boilers  is  of  paramount  importance,  but  the  pos- 
sible enormous  variation  of  the  rate  of  heat  trans- 
mission is  still  hardly  appreciated. 

The  outstanding  importance  of  the  heat  trans- 
mission by  radiation  from  the  fuel  bed  should  be  in- 
sisted on.  The  stoker  in  firing  should  destroy  as 
little  as  possible  of  the  area  of  the  incandescent 
fuel  bed.  Tlie  length  and  shape  of  the  firebrick 
bridge  may  be  increased  with  advantage  both  to 
combustion  and  heat  transmission. 

The  improvement  of  heat  transmission  on  the  fire 
side  by  increasing  the  velocity  of  the  hot  gases  is 
usually  not  possible  with  the  type  of  plant  we  are 
considering,  although  the  reward  is  most  attractive. 
The  importance  of  the  heat  transmission  on  the 
water  side  of  the  boiler  plat«  has  not  been  ade- 
quately recognised  in  the  past. 

The  simplest  experiment  will  show  that  the  rate 
of  heat  transmission  (per  degree  of  temperature 
difference)  to  boiling  water  may  be  as  much  as  four 
or  five  times  the  rate  to  non-boiling  water  at  the 
same  temj^erature.  The  rate  of  heat  transmission 
depends  on  the  amount  of  mechanical  agitation 
produced.  For  the  maximum  rate  of  heat  trans- 
mission the  water  must  be  kept  boiling  vigoroiisly. 
With  very  high  temperature  differences  this  rate  of 
heat  transmission  (per  degree  of  temperature 
difference)  falls  off  again,  so  that  the  average  rate 
for  a  given  amount  of  evaporation  is  higher  under 
steady  boiling  conditions  than  under  variable  and 
non-boiling  conditions. 

In  hand-fired  boilers  the  combustion  of  nearly  41b. 
of  coal  per  hour  per  square  foot  of  heating  surface 
xisually  gives  the  m.iximum  efficiency.  Now  the 
equivalent  of  the  combu.stion  of  i  lb.  of  coal  per 
hour  per  square  foot  of  heating  surface  is  the  maxi- 
mum rate  at  which  no  boiling  takes  place.  It  might 
appear  therefore  that  the  non-boiling  condition 
rarely  occurs,  but  where  both  fuel  and  water  are 
supplied  intermittently,  this  condition  is  produced 
regularly  in  many  factories.  It  will  be  obvious, 
therefore,  that  the  supply  of  fuel  and  water  to  the 
boiler  should  be  made  as  continuous  as  possible  to 
obtain  the  best  conditions  of  heat  transmission. 

The  formation  of  scale  in  the  boiler  during  work 
has  a  most  serious  effect  on  heat  transmission,  and 
may  reduce  the  capacity  just  before  the  cleaning 
period  and  occasion  loss.  The  use  of  substances  to 
prevent  the  formation  of  adhesive  scale  is  generally 
advisable  even  with  softened  water.  One  of  the 
latest  of  these  materials,  graphite,  if  used  in  the 
hi<jhest  purity  (85%  carbon),  is  extremely  effective. 
After  cleaning,  the  boiler  is  painted  internally  with 
the  graphite  made  into  a  cream  with  water,  and 
subsequently  about  f  lb.  added  per  day.  In  several 
cases  the  presence  of  graphite  in  the  steam  system 
has  revealed  what  was  quite  unsuspected,  bad 
stoking  and  priming.  The  general  rule  of  the 
good  stoker  is  to  keep  his  fire  in  constant  adjust- 
ment to  the  steam  demand,  maintaining  it  in  such 
a  condition  at  the  lowest  periods  so  that  by  fully 
opening  the  damper  he  can  obtain  in  a  few  minutes 
the  maximum  rate  of  combustion  on  the  fire  grate. 
At  times  of  low  demand  the  water  level  and  steam 
pressure  should  be   kept   at   their  highest   points, 
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with  the  feed-pump  working  at  its  lowest  rate.  An 
increased  demand  for  steam  is  shown  by  a  drop  in 
pressure  and  a  fall  in  the  water  gauge.  The  open- 
ing of  the  damper  and  acceleration  of  combustion 
speedily  equalises  matters,  and  when  the  pressure 
ceases  falling  the  feed-pump  is  accelerated  to  main- 
tain the  water  level.  A  rise  of  pressure,  on  the 
other  hand,  would  demand  the  closing  of  the  damper 
somewhat,  followed  after  some  few  minutes  by  a 
reduction  of  the  speed  of  the  feed-pump.  Should 
the  demand  for  steam  over  a  period  be  such  that  in 
spite  of  maximum  combustion  the  pressure  falls 
too  low  for  adequate  service,  some  alteration  or 
addition  to  the  plant  becomes  essential.  The  grate 
may  be  increased  in  area  (generally  with  reduction 
in  efficiency),  or  a  heat  accumulator  or  a  new  boiler 
may  be  in.stallcd. 

On  the  other  hand,  the  particular  plant  taking 
the  sudden  large  supply  of  steam  may  be  controlled 
to  reduce  its  rate  of  working  for  the  period  of  heavy 
steaming  without  any  loss. 

A  continuous  feeding  pump  capable  of  continuous 
adjustment  is  essential  to  economy.  As  a  rule  in- 
jectors should  be  removed.  For  boiler  feeding  they 
are  inefficient  through  being  intermittent. 

It  is  obvious  that  to  make  this  economy  per- 
manent it  will  he  necessary  to  incite  the  stoker  to 
constant  interest,  and  the  Ijest  wa.v  to  do  this  is 
to  allow  him  to  share  the  saving  he  is.  able  to  effect 
by  his  vigilance.  The  simplest  and  only  good 
method  consists  in  measuring  and  recording  the 
amounts  of  coal  and  feed  nater  supi^lied,  and  pa.v- 
ing  the  stoker  monthly  one-half  of  the  value  of  the 
fuel  saved  on  an  agreed  basis.  In  most  cases  there 
are  complications,  such  as  the  return  of  water  to  the 
boiler  through  closed  heating  systems,  but  it  is  not 
difficult  to  devise  a  scheme  which  will  enable  one 
to  give  every  satisfaction  to  both  parties  and  secure 
continuous  economy. 

Discussion. 

The  Chairsi.an  asked  what  was  the  author's  objec- 
tion to  the  injector. 

Prof.  HiNcnLEY  said  that  owing  to  the  inter- 
mittent action  of  the  injector  the  pulling  of  the 
water  often  ceased  for  a  short  period  with  a  rise  in 
the  temiierature  of  the  waste  gases,  and  there  was  a 
consequent  loss  of  efficiency  of  the  boiler  during  that 
period. 

The  Chairman  asked  if  it  was  not  possible  to 
keep  an  injector  working  regularly  in  the  same  way 
that  a  feed  pump  did. 

Prof.  HiNCHLEY  said  it  was  not.  A  pump  could 
be  kept  following  the  fire. 

The  Chairman  said  that  whatever  might  be  the 
disadvantages  of  the  present  industrial  conditions, 
we  had  a  much  more  intelligent  workman  than  was 
the  case  2-5  years  ago.  He  believed  that  Prof. 
Hinchley  was  right  that  the  more  their  employees 
could  be  interested  in  the  particular  work  they  had 
in   hand,  the  more  efficiently  they  were  likely   to 


carry  out  their  operations.     In  the  carbonising  of 

coal  of  late  years  their  methods  in  this  respect 
had  changed  considerably.  The  man  who  had 
suijcrvised  those  plants  25  years  ago  had  been  a 
stoker  who,  perhaps,  had  known  a  little  more  than 
the  average  stoker,  or  perhaps  had  been  more 
steady  and  reliable  at  his  work,  .\part  from  that 
he  did  not  think  he  had  had  any  other  special  quali- 
fications, but  the  man  in  charge  of  these  plants  to- 
da.y  could  answer  intelligentl.y  questions  with  regard 
to  the  combustion,  the  part  played  by  the  secondary 
air,  the  importance  of  its  regulation,  and  the  im- 
portance of  the  indication  of  the  CO^  in  the  waste 
gases  as  being  a  guide  to  efficient  working.  To 
what  extent  that  state  of  affairs  would  be  a  set-off 
to  the  present  high  wages  and  general  dissatisfac- 
tion it  was  difficult  to  say,  but  they  could  only 
hope  that  a  great  deal  of  the  extra  expenditure 
would  be  recovered  by  getting  him  to  do  his  shorter 
day's  work  more  intelligently  than  was  the  case  in 
the  days  gone  by. 

Mr.  H.  Cheetham,  referring  to  the  author's  sug- 
gestion as  to  sharing  the  saving  with  the  stoker, 
said  that  in  the  Lancashire  district,  where  coal  was 
mostly  used  in  the  cotton  mills,  it  was  a  common 
practice  for  the  stoker  in  charge  of  the  boilers  to 
get  a  commission  from  the  coal  dealer,  and  this 
was  an  inducement  to  use  more  coal  rather  than 
less.  He  did  not  know  how  far  that  .system  was 
practised  in  other  industries. 

Tlie  Chairman  said  that  there  again  he  thought 
his  remarks  applied,  because  the  more  intelligent 
they  could  make  a  workman  and  the  more  self- 
reliant  and  independent  he  was,  tile  less  he  would 
rely  on  these  side  arrangements  for  providing  him 
with  what  he  would  probably  call  a  living  wage. 
He  believed  that  in  the  future  they  would  have  a 
better  class  of  man  who  would  scorn  to  do  many 
of  the  things  which  some  years  ago  had  been  quite 
common. 


The  Chairman,  in  closing  the  Conference,  said 
that  all  engaged  in  the  chemical  industry  realised 
the  increasing  importance  of  chemical  engineering. 
Among  the  many  tasks  before  them  was  that  of 
bringing  together  all  those  whose  practice  was 
mainly  engineering  and  those  whose  practice  was 
mainly  chemical.  There  was  no  doubt  that  the 
position  of  the  chemical  industry  was  due  very 
largely  to  the  completeness  of  the  collaboration 
between  the  engineer  and  the  chemist.  The  greatest 
difficulty  in  the  past  five  years  had  been  in  taking 
the  fullest  advantage  of  the  large  stores  of  engineer- 
ing knowlecTge  of  the  country  and  in  bringing  them 
in  towards  the  chemical  indiistrv.  That  was  a  work 
which  the  Chemical  Engineering  Group  had  set  out 
to  perform.  The.y  had  also  set  a  very  good  example 
in  not  attempting  to  form  a  separate  society  or 
organisation,  but  in  associating  themselves  with 
the  Society  of  Chemical  Industry.  If  the.v  were 
successful — and  he  believed  they  would  be — it 
opened  up  great  possibilities  with  regard  to  other 
branches  of  the  chemical  industry. 


SECOND    CONFERENCE. 


THE    TRANSPORT    AND    DISTRIBUTION 
OF   LIQUIDS   IN   CHEMICAL  WORKS. 


NEWCASTLE-ON-TYNE,  DECEMBER   15,  1919. 


The  Chaieman  (Prof.  H.  Louis)  welcomed  the 
conference  to  Newcastle  in  general  and  to  Arm- 
Btrong  College  in  particular,  and  expressed  the  re- 
gret of  the  Principal  of  the  College  (Sir  Theodore 
Morison)  at  his  absence.  For  his  own  part,  he  (f-he 
Chairman)  was  pleased  to  see  them  up  in  Newcastle. 
It  was  not  a  lovely  town;  it  was  a  dirty  town,  a 
grimy  town,  but  a  business-like  town,  and  en- 
gineers, at  any  rate,  should  feel  at  home  in  the 
atmosphere  of  coal  dust  and  smoke  which  was  a 
token  in  some  measure  of  engineering  activity.  He 
did  not  need  to  remind  them  that  Newcastle  had 
been  the  pioneer  of  not  a  few  chemical  industries  in 
the  past,  and  was  still  holding  its  own  with  most 
other  parts  of  the  country.  In  the  college  he  was 
particularly  glad  to  see  them,  for  the  science  to 
which  they  perhaps  devoted  most  attention  was 
chemistry,  and,  on  Che  other  hand,  the  department 
of  engineering  had  made  a  well-merit-ed  reputation. 
ITiey  were,  therefore,  as  fitting  a  body  as  any  to 
receive  and  appreciate  a  visit  from  chemical  en- 
gineers. When  the  much-needed  expansion  of  the 
college  took  place,  as  he  hoped  it  soon  would,  he  was 
very  anxious  that  a  home  should  be  found  for 
chemical  engineering,  or  whatever  term  tliey  might 
give  the  subject.  Ho  did  not  doubt  but  what  the 
authorities  were  giving  serious  attention  to  the 
matter.  He  had  received  a  telegram  from  Prof. 
J.  W.  Hinchley,  Chairman  of  the  Group,  stating 
that  it  was  impossible  for  him  to  attend  owing  to 
illness,  but  wishing  the  gathering  every  success. 

The  subject  selected  for  the  conference  was  one 
of  the  greatest  importance  indeed  to  everyone  con- 
nected with  chemical  engineering.  The  problem  of 
elevating  liquids  was  one  of  the  oldest  that  en- 
gineers had  had  to  solve.  The  simple  problem  of 
water  pumping  might  be  said  to  have  been  fairly 
well  solved  by  mechanical  engineers.  The  chemical 
engineers,  however,  had  a  more  difficult  problem 
before  them.  They  were  beginning  to  appreciate 
that  mechanical  methods  must  be  introduced  into 
chemical  works.  Chemical  works  had  grown  chiefly 
by  the  work  of  the  chemists  themselves,  but  in  some 
instances,  especially  in  that  district,  engineering 
had  been  conspicuous  by  its  absence.  There  had 
been,  however,  before  the  war  a  movement  for  the 
introduction  of  engineering  into  chemical  works, 
which  had  received  acceleration  by  the  necessity  of 
the  past  five  years  for  intensive  production.  The 
price  and  the  scarcity  of ,  labour  was  making  it 
necessary  for  the  chemical  engineer  and  industry 
generally  to  employ  more  and  more  mechanical 
methods  of  doing  work.  For  the  special  subject 
being  dealt  with  by  the  conference  the  need  was  re- 
markably conspicuous.  There  was  great  difficulty 
in  the  problem  of  having  to  pump  fluids  that  might 
be  highlj-  corrosive,  of  a  high  temperature,  specially 
mobile,  specially  volatile  or  containing  solids  in  a 
state  of  suspension.       The  problem  was  one  that 


differed  from  those  in  ordinary  engineering.  The 
solution  had  occupied  some  of  the  best  brains  in  the 
country,  and  the  way  in  which  the  problem  had  been 
attacked  and  the  success  achieved  was  indicated  by 
the  specimens  of  chemical  engineering  before  them, 
and  would  be  further  elucidated  by  the  papers  to  be 
read  during  the  conference. 


THE  ELEVATION  OF  ACIDS  BY  THE 
KESTNEB  PATENT  AUTOMATIC  ELEVATOfi. 

BV  J.  ARTHVR  EEAVELL,   M.I.M.E. 

The  use  of  the  acid  egg  as  a  means  of  raising 
liquors  in  chemical  works  is  well  known.  The  egg 
is  filled  through  the  inlet  and  pipe,  and  when 
full  the  compressed  air  is  admitted.  As  soon  as  the 
air  pressure  rises  to  the  required  amount,  the  acid 
is  blown  out  through  the  delivery  pipe.  It  will  be 
at  once  seen  that  the  whole  success  of  the  operation 
from  the  point  of  view  of  the  quantity  of  air  used 
depends  upon  the  operator.  Usually  he  knows  from 
habit  just  how  long  it  takes  to  empty  the  egg. 
Experience  has  shown,  and,  indeed,  it  has  been 
admitted  on  all  sides,  that  this  method  tends  to 
great  loss  of  air,  and  is  generally  inefficient. 


The  Kestncr  elevator  was  designed  to  overcome 
this  waste  and  to  do  away  with  the  labour  required 
to  operate  the  valves.  This  question  of  labour  is  of 
the  utmost  importance,  particularly  now  when 
wages  are  continually  rising  and  working  hours 
shortened. 

The  three  points  of  importance  in  dealing  with 
the  problem  of  raising  acid  in  chemical  works  are  :  — 
1,  Simplicity;  2,  reliability;  3,  economy  in  labour. 


REAVELL.— ELEVATiON  OF  ACIDS  BY  THE  KESTNER  ELEVATOR. 


39 


The  Kestner  patent  standard  elevator  is  shown  in 
the  accompanying  illustration  with  the  body  in 
section. 

The  method  of  working  is  as  follows  :  — Acid  flows 
into  the  body  of  the  elevator  through  the  inlet 
valve,  which  is  coupled  to  a  feed  tank  placed  above 
the  inlet  valve.  The  size  of  the  feed  pipe  and  vah-e 
is  such  that  the  acid  rapidly  fills  the  elevator  body. 
As  soon  as  the  acid  rises  to  a  pre-determined  height 
in  the  body  the  float  operates.  In  order  to  obtain 
a  quick  action  it  will  be  noticed  that  the  float  is 
carried  into  the  narrow  portion  of  the  top  cover, 
and  the  acid  flowing  in  rapidly  fills  this,  causing 
the  quick  return  required. 

By  examining  the  sectional  illustration  the  move- 
ments whereby  the  air  is  admitted  and  exhausted 
are  clearly  seen.    The  lever,  C  (fig.  2),  works  on  the 


Fig.  2. 

fulcrum,  H,  and  the  rod,  K,  which  is  coupled  to  the 
float,  rises  when  the  body  is  full.  This  at  once 
releases  the  pressure  from  the  air  valve,  R,  and  air 
13  admitted  into  the  head,  passing  down  the  stand- 
pipe  into  the  body.  At  the  same  time,  the  pressure 
of  the  air  closes  the  air  exhaust  valve,  D.  The 
compressed  air  blows  the  acid  from  the  body  up  the 
delivery  pipe  to  the  receiving  tank.    The  lever  has 


at  the  opposite  end  to  the  float  rod  a  balance  weight 
rod,  F,  at  the  end  of  which  halaiioe  weights  are 
fitted  to  counterbalance  the  weight  of  the  float.  As 
soon  as  the  acid  is  blown  out  of  the  body,  the  float 
comes  back  to  its  original  position  and  the  exhaust 
valve  opens  at  once,  allowing  the  air  to  exhaust. 
The  acid  inlet  valve  then  opens,  and  the  cycle  is 
repeated.  The  movement  of  the  lever  is  very  slight, 
the  air  valve  having  a  travel  of  only  about  ^  in., 
so  that  the  wear  and  tear  is  infinitesimal. 


Fig.  3. 

The  stand-pipe  should  be  of  suflScient  length  so 
that  the  elevator  head  is  above  the  level  of  the  acid 
in  the  feed  tank,  thus  preventing  the  flooding  of 
the  head  with  acid.  Tho  elevator  can  then  be  left 
under  any  conditions,  and  is  ready  for  work 
immediately  air  is  turned  on. 

These  elevators  can  be  constructed  in  cast  iron, 
mild  steel,  mild  steel  homogeneously  lead-coated  by 
the  Kestner  process,  lead  lined,  cast  regulus,  and 
also  in  potware. 

Illustration  4  shows  a  patent  acid  elevator  in 
earthenware,  for  pumping  nitric  acid;  the  special 
feature  is  the  method  of  connecting  the  float  to  tho 
lever  by  means  of  a  wire.  Originally  this  wire  was 
of  platinum^  but  during  and  since  the  war  we  have 
used  a  special  alloy. 

The  acid  elevators  already  described  are  those 
which  work  intermittently,  the  same  as  the  ordinary 
acid  egg,  excepting  that  they  are  automatic  in 
operation.  It  is  necessary,  however,  for  delivering 
acid  into  sprays,  and  for  certain  other  purposes, 
that  the  acid  should  be  delivered  continuously.    The 
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Kestner  Patent  Continuous  Elevator  was,  therefore, 
designed  for  this  purpose. 

Illustration  5  shows  a  front  elevation  of  one  of 
these  elevators.  The  lower  portion  consists  of  two 
bodies  which  can  be  constructed  in  cast  iron  lead 
lined,  or  unlined,  as  required,  or  they  can  be  con- 
structed of  potware. 

One  of  these  bodies  is  slightly  larger  than  the 
other  to  contain  the  float.  The  float  is  operated  by 
means  of  a  simple  valve  shown  on  illustration  6. 
Although  this  may  appear  to  be  complicated,  in 
reality  it  is  very  simple  indeed,  and  consists  of  a 
taper  plug  type  valve  operating  in  a  valve  box, 
both  of  which  are  made  of  potware.  The 
apparatus  operates  as  follows :  — The  air  is 
delivered  ioto  the  head  at  the  opening  H.  The  plug 
valve,  R,  is  arranged  with  four  ports  which  coni- 
municat-e  with  the  opening  marked  1  on  the  hori- 
zontal plane  and  2  on  the  vertical  plane.     As  the 


on  the  sprays,  are  simple  in  operation  and  have  no 
working  parts  revolving  in  acid,  the  only  parts 
subject  to  the  acid  being  the  inlet  and  outlet  acid 
valves. 

No  doubt  questions  will  bo  asked  regarding  tho 
wire  for  supporting  the  float  as,  of  course,  in  this 
type  of  apparatus  the  float  wire  enclosed  in  a  pipe 
cannot  very  well  be  used.  Before  tho  war  this  float 
wire  was  made  of  platinum,  and  no  diSiculty  was 
experienced,  as  the  gland  is  of  particularly  simple 
construction,  packed  with  a  special  packing  which 
has  boon  most  successful. 

When  the  war  came  we  were  at  a  loss  for  a  little 
while  to  procure  a  suitable  wire  in  place  of  plati- 
num, which  was  unobtainable,  and  at  last  found  a 
progressive  firm  in  this  country  who,  after  much 
experimenting,  produced  for  us  an  alloy  which 
resisted  the  action  of  any  acid,  and  had  the  advan- 
tage of  being  extremely  fine.     It  was  jjroved  that 


HE5TNER  PATENT  ACID  EZLEyATOFI 
Fig.  4. 


float  rises,  owing  to  the  inlet  of  the  acid,  the  w^heel, 
F,  is  rotated  until  the  trigger,  K,  which  operates 
in  a  slot  in  tho  wheel,  comes  in  contact  with  the 
wheel.  This  then  moves  over  B  and  causes  the 
weighty  E,  to  fall  with  a  sharp  motion,  thus 
operating  the  valve,  R,  quickly.  This  operation 
turns  on  air  to  the  cylinder  that  has  just  filled,  and 
shuts  it  off^  from  the  cylinder  that  has  just  been 
emptied,  exhausting  this  to  atmosphere.  There  are 
two  openings  for  each  cylinder.  For  one  cylinder 
the  diagram  shows  these  at  1  and  lA.  Both  these 
connect  in  a  common  pipe  to  the  cylinder,  IB.  If, 
for  example,  the  valve  has  just  operated  on  No.  1 
cylinder  due  to  it  being  full,  then  the  compressed 
air  enters  through  1  into  No.  1  cylinder,  and  the 
exhaust  from  No.  2  cylinder  leaves  through  pipe, 
2B,  by  way  of  the  valve,  2A,  and  vice  versd,  each 
cylinder  filling  and  emptying  alternately. 

These  elevators,  which  have  been  used  for  dis- 
charging acid,  through  sprays  at  40  to  60  lb.  pressure 


the  finer  the  wire  used,  the  more  successful  were  the 
results.     The  diameter  of  the  wire  used  is  0'8  mm. 

There  is  a  great  advantage  obtained  in  the  use  of 
elevators  that  are  ■  operated  by  compressed  air, 
namely,  that  a  very  diff'erent  type  of  recorder  has 
been  invented  by  Mr.  Kestner,  whereby  a  record  of 
the  work  done  by  each  elevator  can  be  obtained. 
The  recorder  is  attached  to  the  head  of  the  acid 
elevator,  and  every  time  a  charge  of  acid  is 
delivered,  the  record  is  made  on  the  dial. 

On  the  continent,  where  labour-saving  devices  are 
used  more  extensively  than  here,  and  where  perliaps 
such  records  are  more  exactly  kept,  large  numbers 
of  these  recorders  are  in  use,  and  by  their  installa- 
tion the  management  can  t<?ll  exactly  how  much 
acid  has  been  delivered  by  each  elevator. 

Having  described  the  Kestner  Automatic 
Elevators,  it  will  be  interesting  to  see  liow  far  these 
machines  fill  the  three  points  of  vital  importance 
to  a  chemical  works  which  I  have  previously  set  out. 
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1.  The  first  point  of  importance  is  simplicity. 
There  is  nothing  in  the  Kestner  Automatic  Elevator 
that  is  not  absolutely  simple.  One  of  the  criticisms 
very  often  levelled  at  the  apparatus,  and  one  that 
will  no  doubt  be  raised  here  at  this  conference,  is 
the  question  of  the  float. 

This  point  is  always  raised  by  people  who  are 
ignorant  of  the  nature  of  the  float  used  in  the 
Kestner  elevator.  It  is  because  floats  of  diflterent 
kinds  are  used  by  steam  trap  makers,  which  are 
constantly  giving  trouble.     In  a  number  of  lifting 


Fn..  o. 

traps,  with  which  the  writer  is  familiar,  floats  are 
used  to  operate  the  valves,  and  they  are  continually 
giving  trouble.  This  lifting  type  of  trap  originated 
from  Germany,  where  large  numbers  are  used. 

The  Kestner  float  is  not  an  air-tight  vessel.  It  is 
merely  an  open  vessel  which  is  filled  with  acid,  so 
that  there  is  no  question  of  the  float  giving  out, 
and,  in  fact,  in  all  the  designs  of  elevators  in  use  no 
trouble  is  ever  experienced  in  this  connection. 


The  operating  parts  in  the  head  of  the  elevator 
are  out  of  the  way  of  the  acid,  and  practically  the 
only  pieces  that  need  renewing  from  time  to  time 
are  the  two  valves,  the  one  for  the  air  inlet  and  the 
other  for  the  air  outlet. 

Some  of  these  elevators  have  been  continuously 
in  operation  in  chemical  works  for  over  fourteen 
years,  and  the  cost  of  upkeep  amounts  only  to  some 
few  shillings  a  year. 

As  makers  both  of  direct-acting  pumps  and  centri- 
fugal pumps  for  acids,  we  know  ourselves  that  there 
is  no  comparison  as  regards  simplicity  between  this 
automatic  elevator  and  any  type  of  acid  pump. 

2.  The  next  point  is  reliability.  Most  processes 
in  which  the  elevation  of  acids  is  necessary  demand 
a  method  that  is  absolutely  reliable,  even  though  it 
cost  a  little  more  either  in  operating  expense — that 
is,  cost  of  power — or  first  cost.  Happily  this  reli- 
ability is  obtained  by  the  Kestner  Automatic  Eleva- 
tor without  increase  in  either  working  or  capital 
cost. 

If  you  compare  the  reliability  of  an  apparatus 
pumping  weak  sulphuric  acid,  say,  for  instance,  a 
centrifugal  pump  running  at  800  to  1000  revolutions 
per  minute,  with  an  acid  elevator  operated  by  com- 
pressed air  which  operates  once  every  two  to  five 
minutes,  it  must  be  admitted  that  the  elevator 
scores  on  the  point  of  reliability. 

I  am  free  to  admit  that  the  pump  for  this  purpose 

'^s  still  in  its  infancy,  but  up  to  the  present  on  the 

point  of  reliability  there  has  been  nothing  designed 

for  pumping  weak  sulphuric  acid  to  compare  with 

the  automatic  aeid  elevator. 

3.  The  third  point,  which  is  particularly  im- 
portant in  these  days,  is  the  cost  of  labour.  In  the 
case  of  centrifugal  pumps,  or  direct-acting  pumps, 
they  must  be  run  either  by  direct  coupling  to  motors 
or  by  bolt.  In  the  case  of  belt  drive,  you  have  the 
constant  attention  of  line  shafts,  belting,  etc.  In 
the  case  of  direct  drive,  you  have  the  constant 
attention  to  the  high-speed  machines,  looking  after 
lubrication,  packing  of  glands,  and  so  forth,  all  of 
which  involve  skilled  men.  that  is  to  say,  first-class 
fitters.  Nothing  of  this  kind  is  necessary  with  the 
Kestner  Automatic  Elevator.  The  machine,  as 
already  explained,  can  be  run  for  months  without 
any  attention.  There  is  no  lubricating  to  be  done, 
and  when  new  valves  are  necessary  these  can  be 
easily  replaced  by  the  ordinary  shift  man,  as  it  does 
not  require  a  skilled  fitter. 

Taking  into  consideration  the  class  of  labour 
emplo.ved  in  chemical  works,  the  working  cost  of 
using  centrifugal  pumps  as  compared  with  elevators 
must  from  this  point  of  view  be  greatly  increased. 

A  word  or  two  on  the  importance  of  pipe  connec- 
tions will  be  of  interest.  The  delivery  pipe  from  an 
elevator  should  be  of  the  size  required  to  give  the 
liquor  a  proper  velocity.  The  pipe  must  be  taken 
direct  from  the  delivery  of  the  elevator  to  the 
highest  point  to  which  the  acid  has  to  be  carried, 
always  rising,  and  never  on  a  horizontal  plane. 

As  the  motive  power  behind  the  liquid  is  air,  it 
will  be  seen  at  once  that  if  a  horizontal  pipe  is  used, 
the  acid  will  tend  to  flow  along  the  bottom  half  of 
the  pipe  and  the  air  to  escape  over  the  acid  at  the 
top  of  the  pipe.  The  result  is  loss  of  air  and  the 
flowing  back  of  some  of  the  acid  into  the  elevator 
body. 

There  is  no  doubt  that  if  the  whole  problem  of 
the  elevation  of  all  kinds  of  corrosive  liquors  is 
broadly  examined,  it  will  be  seen  that  the  acid 
elevator  is  the  only  apparatus  that  can  meet  the 
whole  of  the  conditions. 

I  have  purposely  omitted  any  reference  to  the 
ii,iachines  for  producing  motive  power,  namely,  the 
air  compressors.  All  the  engineering  societies  con- 
tain records  of  air  compressors  of  various  types,  and 
the  efficiencies  of  the  standard  machines  are  well 
known. 
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Ill  making  comparisons  as  to  the  cost  of  raising 
acids  in  chemical  works  and  comparing  the  use  of 
compressed  air  in  acid  elevators  as  against  centri- 
fugal pumps,  it  should  be  borne  in  mind  that  the 
quantities  to  be  raised  are  very  small  compared  to 
the  usual  pumping  problems,  so  that  the  improve- 
ment in  efficieiuy  of  10  to  15  on  one  or  two-horse 
power  is  not  really  an  important  matter  compared 
with  simplicity  and  reliability. 


get  quick  action.  If  the  elevator  valve  gear  is  pro- 
perly adjusted  there  is  no  loss  of  air. 

Captain  Goodwin  asked  if  that  was  why  they 
liked  to  preheat  the  air. 

Mr.  Reavei.l  replied  that  that  was  so.  AVith  re- 
gard to  the  air  lift  and  the  acid  elevator,  as  one  of 
the  first  to  introduce  the  Bacon  air  lift  from 
-■Vmerica,  his  experience  was  that  there  was  no  com- 
parison in  efficiency. 


VMLVE  MOTION  or  HESTNCR  PATENT 

cofmwous/iao  cuiz/rra? 


Pig.  6. 


The  efficiency  of  a  properly-constructed  acid 
elevator  in  an  up-to-date  works  is  from  30  to  40% . 

If  efficiency  is  desired  beyoud  other  considera- 
tions, the  Kestner  acid  pump,  as  described  on 
page  64  of  Mr.  West's  paper,  should  be  examined. 

Discussion. 

Captain  C.  J.  Goodwin  asked  for  more  informa- 
tion as  to  the  amount  of  air  used  and  the  cost  of 
the  operation.  He  would  like  to  ask,  had  the 
author  tried  using  compressed  air  expansively? 
When  it  was  required  to  raise  only  15  ft.  or  20  ft. 
and,  as  was  usual,  60  lb.  per  sq.  in.  or  so  was  the 
standard  pressure,  the  air  supply  was  not  being 
used  economically.  AVas  it  not  possible  to  arrange 
a  device  on  the  elevator  to  use  only  part  of  the  air, 
allowing  it  to  act  expansively  and  so  save  air  "i  It 
seemed  that  in  the  Kestner  elevator  there  would 
always  be  a  loss  at  the  finish  of  the  blowing  period. 
He  was  also  interested  to  know  how  the  acid 
elevator  compared  with  the  air  lift  in  actual  prac- 
tice. His  own  experience  was  that  air  lifts  were 
reliable  even  though  there  was  a  little  to  give  in 
regard  to  efficiency. 

IMr.  Eeavell  replied  that  the  difficulty  in  giving 
the  information  as  to  cost  would  be  realised  by  those 
dealing  with  acid  works.  One  could  not  get  the 
average  acid  manufacturer  to  allow  tests  to  be 
made.  The  figures  in  one's  own  laboratory  did  not 
help.  The  greatest  difficulty  was  experienced  in 
getting  manufacturers  to  erect  the  piping  ver- 
tically. If  the  pipes  were  put  up  right  they  would 
probably  get  a  very  high  standard  of  efficiency  with 
the  use  of  compressed  air.  'V\Tien  the  pipes  were 
erected  horizontally  there  was  a  loss  of  air.  Regard- 
ing the  differences  of  pressure  required  and  avail- 
able, one  started  at  atmospheric  pressure,  and  when 
the  balance  pres.suro  was  reached  the  pressure 
further  increased  by  about  10  %  .  Because  there  was 
60  lb.  air  pressure  available  it  did  not  mean  that 
60  Ib^  pressure  obtained  in  the  body  of  the  elevator ; 
only  sufficient  pressure  obtained  in  the  body  to 
overcome  the  head  plus  friction  losses.  A  reducing 
valve  was  not  needed,  in  his  opinion.  The  acid 
elevator  should  not  be  filled  slowly  but  quickly  to 


Mr.  S.  J.  TuNGAT  said  that  a  difficulty  had  always 
been  in  the  fact  that  the  engineering  side  did  not 
meet  with  the  demands  of  the  chemists.  Despite 
the  criticism  of  the  old  methods  of  pumping  acid, 
he  thought  there  was  still  a  great  deal  to  be  said 
for  them.  He  had  not  adopted  the  Kestner  type 
or  similar  types.  One  reason  why  he  had  not 
adopted  such  types  was  that  to-day  men  were  not 
willing  to  do  the  work  of  replacing  the  various 
parts.  The  plumbers  objected  to  coming  out 
specially  to  a  job  and  insisted  that  plumbers  should 
be  kept  on  the  place  at  all  times. 

Mr.  Eeavell  said  that  so  far  as  the  question  of 
splash  was  concerned  they  had  a  simple  arrange- 
ment which  ensured  that  there  was  absolutely  no 
waste  by  splashing.  There  was  no  trouble  regard- 
ing expansion  of  the  delivery  pipe  when  the  pipes 
were  put  in  right. 


THE  "MAfiCLEN"  GLANDLESS  ACID  PUMP. 

BY  B.   ETEWAET. 

The  Marcleii  pump  possesses  certain  features  in 
common  with  other  centrifugal  pumps,  but  differs 
from  them  in  being  glandless.  Essentiall.v  it  con- 
sists of  a  casing  and  a  rotor  or  impeller  with  a  ver- 
tical spindle.  This  is  a  departure  from  the  u.sual 
practice,  as,  of  course,  most  centrifugal  or  rotary 
pumps  have  horizontal  spindles.  This  method  of 
conetruction  has  been  adopted  in  order  that  glands 
may  be  dispensed  with,  thus  obviating  the  incon- 
venience of  leakage  from  glands  and  delay  and 
expense  incurred  in  the  frequent  renewal  of  pack- 
ing in  stuffing  boxes.  Moreover,  friction  is  elim- 
inated, and  this  in  itself  is  a  great  advantage, 
especially  in  the  case  of  pumps  made  in  regulus, 
ebonite,  or  earthenware,  intended  for  dealing  with 
corrosive  acid.  Pig.  I  exhibits  the  Marclen  pump 
in  one  of  its  more  simple  forms.  The  casing  is  sus- 
pended by  means  of  bolts  from  a  strong  cast-iron 
frame  resting  upon  girders  lying  across  the  acid 
tank  in  which  the  pump  casing  is  placed,  the  bolts 
being  covered  with  lead  to  prevent  contact  with  the 
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acid.  The  vertical  spindle,  which  is  also  lead- 
covered  up  to  the  underside  of  the  bottom  bearing, 
extends  upwards  and  revolves  in  two  bearings  which 


M.  These  ribs,  M,  of  which  there  are  four,  form  a 
rest  for  the  float,  and  guide  the  liquid  steadily  into 
the  eye  of  the  impeller,  F,  which  converts  it  by 
centrifugal  action  to  pressure  in  the  chamber,  G, 
whence  it  is  forced  through  the  outlet,  H,  into  the 
delivery  pipe.  The  impeller,  F,  is  mounted  on  the 
spindle,  D,  which  revolves  in  large  bearings,  K  and 
O,  the  spaces  between  the  bushes  and  main  casting 
in  each  case  forming  grease  reservoirs.     The  weight 


Fig.  1. 


are  fitted  in  the  cast-iron  frame. 
These  two  bearings  maintain  perfect 
rigidity  in  the  spindle  and  prevent 
any  tendency  to  "  whip,"  whilst  the 
thrust-ball  bearing  at  the  top  and 
the  collar  under  the  upper  bearing 
make  any  vertical  movement  impos- 
sible. 

When  the  pump  is  working  the 
acid  contained  in  the  tank  is  drawn 
in  at  the  vortex  which  is  formed 
both  at  the  top  and  the  bottom  of 
the  casing,  and  is  expelled  from  the 
annular  duct  in  the  casing  upwards 
into  the  delivery  pipe.  The  outlet 
from  the  casing  may  be,  and  some- 
times is,  tangential. 

There  is  no  limit  to  the  size  of 
the  tank  in  which  the  pump  is  im- 
mersed, but  in  practice  it  is  some- 
times convenient  to  place  the  pump 
in  a  small  tank  connected  with  a 
larger  storage  tank,  in  which  case, 
should  the  latter  be  deeper  or  on  a 
higher  level  than  the  pump  tank, 
the  supply  of  acid  to  the  pump  is 
regulated  by  means  of  an  ordinary 
valve,  or  a  valve  controlled  bv  a 
float. 

Fig.  2  represents  a  later  develop- 
ment of  a  belt-driven  Marclen 
pump. 

The  special  feature  in  this  design, 
as  well  as  in  the  two-stage  pump 
with  direct  coupled  motor  (Fig.  3),  is  the 
annular  float,  A,  which  controls  the  admission  of 
liquid  through  the  inlet,  C,  and  the  annuhis,  L. 
It  will  be  seen  from  the  illustrations  that 
the  upper  sloping  part  of  the  float  seats  itself 
on  the  corresponding  .sloping  part  of  the  annular 
port,  which  really  constitutes  a  valve  seating.  The 
float  moves  freely  in  a  vertical  direction,  but  is  not 
in  contact  with  the  spindle,  as  it  is  guided  by  the 
small  ribs  shown  as  upper  extensions  of  the"  ribs, 


Fig.  2. 


of  the  spindle  and  impeller  is  taken  by  a  hall-thrust 
bearing,  N,  which  revolves  in  a  covered  grease 
chamber.  All  wearing  parts  are  fitted  with  auto- 
matic grease  lubricators.  No  parts  liable  to  wear 
are  exposed  to  the  action  of  the  acid.  The  body  of 
the  pump,  .J,  the  impellers,  F  and  F,,  the  sheath- 
ing of  the  spindle,  E,  the  float  valve.  A,  and  an 
nular  inlet  chamber,  B,  can  be  made  of  any  suit- 
able acid-resisting  metal,  stoneware,  ebonite,  or 
glass. 
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When  working  a  full  supply  of  acid  is  allowed  to 
flow  into  the  inlet,  C,  and,  should  this  be  too  much, 
the  float  valve,  A.  rises  and  temporarily  restnrts 
the  supply,  but  falls  again  when  the  level  of  the 
acid  in  the  pump  body  becomes  lower. 


Fig.  3. 

The  foregoing  description  applies  more  particu- 
larly to  the  Marcleu  pump  specially  intended  for 
elevating  sulphuric  acid.  But  by  a  comparativeiy 
small  modification  of  the  design  the  pump  is  equally 
well  adapted  for  raising  other  acids,  such  as  nitric, 
hydrochloric,  and  acetic  acids.  As  a  matt-er  of  fact, 
these  pumps  have  been  working  for  over  two  years 
with  various  corrosive  liquids,  including  concen- 
trated and  dilute  sulphuric  and  phosphoric  acid.:;, 
and  strong  hydrochloric  acid,  also  very  strongly 
alkaline  liquors  at  the  boiling  point,  containing  a 
heavy  sediment  mixed  with  ashes. 

The  following  are  some  of  the  uses,  too,  for  which 
the  Marclen  pump  is  well  adapted  :  — 

The  elevation  of  hot  saline  solutions  to  crystal- 
lising vessels. 


The  removal  of  salts  deposited  from  solutions 
undergoing  evaporation. 

The  emptying  of  caustic  soda  or  sodium  sulphide 
finishing  pots. 

Mixing  liquids  and  solids  in  dissolving  tanks; 
employed  for  this  purpose,  either  oiitside  or  im- 
mersed in  the  dissolver  itself,  the  Marclen  pump  im- 
parts a  vigorous  agitation  to  the  contents  of  a  re- 
latively very  large  vessel. 

Tlie  Marclen  pump  is  at  present  made  in  the  fol- 
lowing sizes  and  capacities:  — 


Size  of 

Static  head 

Capa- 

B.H.P. 

openings. 

in  feet. 

city. 

(water). 

Type. 

R.P.M. 

Inlet. 

De- 

1     1      2 

Galls. 

Single 

Two 

livery. 

Stage.  Stage. 

per 

stage. 

stage. 

Ins. 

IDS. 

honr. 

A 

n 

40 

75 

800 

10 

1-75 

1420 

B 

It 

40 

75 

1200 

1-25 

2-0 

1420 

C 

1+ 

40 

75 

1600 

1-6 

2-5 

1420 

D 

2 

40 

75 

2000 

1-8 

30 

1420 

E 

2 

40 

75 

2300 

20 

3-75 

1420 

P 

21 

2 

40 

75 

2900 

2-3     !    40 

1420 

G 

24 

2 

40 

75 

3300 

2-5     '    4-5 

1420 

Note. — H.P.  required  varies  with  the  specific  gravity  and  natur 
of  the  liquid  pumped,  particulars  of  wMch,  together  with  prices, 
will  be  sent  on  application. 

The  JIarclen  iiunip  is  manufactured  by  Marcus 
Allen  and  Sons,  Ltd.,  of  Elsinore  Boad,  Old 
Traft'ord,  Manchester. 

Discussion. 

Mr.  TuNGAY  asked  whether  Mr.  Stewart  had 
experienced  any  difliculty  owing  to  the  large 
diameter  of  the  valve  seat  which  had  to  be  secured 
at  the  top  end  of  the  float.  He  had  described  a 
certain  amount  of  revolving  motion  by  the  float, 
and  it  appeared  to  be  one  of  the  weak  points.  He 
also  thought  that  Dr.  Lunge  had  described  a  similar 
sort  of  pump  suspended  vertically  in  a  tank  of  acid. 
Mr.  Stewaet  said  that  the  pump  had  not  yet 
been  made  with  the  particular  valve  in  question, 
but  it  was  working  quite  successfully  in  its  original 
form.  He  had  not  seeri  anything  like  the  Marclen 
pump,  but  he  would  certainly  look  it  up.  When 
the  pump  had  first  been  made  there  had  been  no 
difficulty  in  getting  a  patent. 

Mr.  Reavell  said  that  it  seemed  to  him  that, 
'  with  the  exception  of  the  float,  the  pump  was  prac- 
tically the  same  type  as  one  already  constructed. 
During  the  war  Mr.  Kestner  had  built  a  large 
number  of  pumps  of  that  type,  the  difference  being 
in  the  float.  He  was  rather  at  a  loss  to  know  what 
the  float  was  for.  If  it  wa«  to  relieve  the  footstep 
bearing,  what  was  the  use  of  the  thrust  bearing.*' 
If  it  was  not  for  that  reason  he  did  not  quite  see 
the  object  of  the  float. 

Mr.  Stewart  said,  the  thrust  bearing  and  collar 
under  the  bearing  was  simply  to  prevent  the  ver- 
tical movement.  The  office  of  the  float  was  to  deal 
with  a  big  head  of  acid  which  might  be  so  great  as 
to  give  the  pump  too  much  to  do.  He  was  unaware 
that  a  pump  had  been  made  like  that.  He  believed 
the  Rees  Boturbo  pump  was  provided  with  glands. 
(Mr.  Reavell :  No.)  He  was  not  aware,  excepting 
from  what  he  had  heard  that  night,  that  there  was 
any  pump  on  the  same  lines  in  use  in  the  chemical 
industry.  The  whole  of  the  bearings  were  above 
the  acid. 

Mr.  H.  IM.  Ridge  remarked  that  he  had  used 
something  like  the  same  sort  of  thing  before  the 
war  for  the  circulation  of  weak  acids  which  had 
certain  particular  difliculties  about  them.  He  had 
intentionally  made  the  bottom  of  the  rotor  flat  and 
achieved  excellent  results.  It  was  not  the  same 
type  of  float  as  in  the  Marclen  pump. 
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Mr.  Stewart  said  that  in  liquids  containing  a 
large  amount  of  sediment  one  would  not  have  a 
rotor  like  that  shown  in  the  diagram,  but  a  plain 
one. 

Mr.  W.  H.WHURST  asked  whether  Mr.  Stewart 
had  seen  the  vertical  pumps  used  by  the  Ministry 
at  Queensferry.  He  had  seen  a  large  number  thtro 
about  three  years  ago.  They  were  made  differently 
from  the  Marclen  pump,  but  tTie  essential  features 
were  the  same. 

Mr.  Stewart  replied  that  he  had  not  seen  or 
heard  of  them. 

Capt.  Goodwin  said  that  certain  pumps  of  a 
similar  character  had  been  used  in  South  Africa  and 
America,  but  they  were  not  exactly  the  same  de- 
sign. He  thought  the  fact  that  the  patent  had 
been  granted  was  sufficient  to  get  on  with  the  job 
of  making  them.  Regarding  the  ciuestion  of  mixing 
it  might  be  of  interest  to  mention  that  he  had  made 
use  of  a  centrifugal  pump  for  neutralising  the  con- 
tents of  a  large  vat  by  drawing  the  liquid  from  the 
bottom  and  distributing  it  again  through  per- 
forated pipes  immersed  in  the  vat.  The  neutral- 
ising agent  was  introduced  at  the  pump  inlet.  He 
reduced  the  time  for  neutralising  the  contents  of 
the  vat  to  about  one  cjuarter  of  that  required  by  the 
ordinary  stirring  gear. 

Mr.  H.  .J.\CKS0N  said  the  pump  appealed  to  him 
as  it  had  no  glands.  He  had  a  great  deal  of  trouble 
in  pumping  sulphuric  acid,  as  the  glands  were 
always  leaking.  He  confessed  it  would  be  a  long 
time  before  he  would  be  persuaded  to  use  a  centri- 
fugal pump  with  glands. 

Mr.  Stewart  said  he  would  never  be  persuaded 
again  to  use  a  pump  with  glands.  One  or  two  of 
the  pumps  they  had  had  were  much  simpler  than 
anything  he  had  described  there. 


THE  AVAMORE  "SQUEEGEE"  PUMP. 

BT    R.    A.    PF.I.5I0RE. 

For  verywide  and  varied  conditions  on  landandsea 
there  has  long  been  required  a  reliable,  high-speed, 
positive  pump  of  simple  construction.  The  subject  of 
tliis  brief  paper  is  the  invention  of  Mr.  N.  G. 
Beckwith,  to  whom  credit  it  due  for  an  original 
idea  of  great  utility,  and  one  which  cannot  fail 
to  be  appreciated  in  our  great  chemical  industries. 
Most  particularly  is  this  the  case,  owing  to  the 
essential  simplicity  of  construction,  which  is  so 
important  for  dealing  with  a  wide  range  of  chemi- 
cals when  it  is  not  always  possible  to  provide  metals 
free  from  corrosion,  and  suitable  for  sound  and 
practical  machine  construction. 


The  outstanding  requirements  for  pumping 
chemicals  in  addition  to  the  usual  desired 
features  of  good  efficiency  and  high  speed,  are  (1) 
reliability,    (2)    rock-bottom    simplicity    for    rapid 


overhaul,  (3)  easily  replaceable  parts,  (4)  minimum 
corrosion  and  leakage,  (5)  positive  action  without 
priming.  Before  touching  on  these  questions  in 
detail,  the  general  operation  of  the  pump  will  be 
briefly  described. 

A  rotor  consisting  of  a  disc  loosely  mounted  on 
an  eccentric  on  the  shaft  rolls  round  the  inside 
of  the  pump  casing.  No  sliding  takes  place  between 
casing  and  rotor,  but  rolling  motion  is  imparted 
to  the  rotor,  which  turns  round  the  eccentric, 
the  latter  acting  as  a  bearing.  At  the  top  of  the 
casing  a  metal  piece,  usually  with  some  spring 
tension  behind,  works  up  and  down  in  a  slot,  keep- 
ing contact  at  all  times  with  the  rim  of  the  disc. 
Inlet  and  outlet  ports  are  immediately  to  right 
and  to  left  of  this  metal  piece  or  valve.  "Squeegee" 
action  drives  the  liquid  round  in  front  of  the  rotor, 
which,  being  sealed  from  the  suction  side  by  the 
valve  piece,  is  driven  through  the  delivery  port, 
while  at  the  same  time  liquid  follows  behind  the 
rotor  through  the  suction  pqrt.  This  is  the  whole 
action  of  the  pump. 


Constructional  sUnplicity. — The  pump  consists 
of  a  casing,  end  covers,  a  shaft  and  two  discs  with 
two  valve  pieces.  The  discs  and  valves  are  dupli- 
cated for  perfect  balance,  even  flow,  and  silent 
running. 

Wearing  surfaces. — Tlie  casing  and  rotor  do  not 
have  sliding  wear  against  each  other.  The  sliding 
surface.-i  are  the  main  bearing  bushes  for  the  shaft 
and  the  bore  of  the  rotor  disc  on  the  eccentric.  It 
is  to  be  noted  that  the  discs  rotate  round  their  own 
centres  at  a  speed  proportional  to  the  difference  in 
diameter  of  casing  and  rotor,  so  that  for  a  pump 
speed  of  say  1000  r.p.ni.  the  rim  of  the  disc  only 
makes  about  60  complete  turns  per  minute  past 
the  valve  piece,  so  making  the  wear  there  negli- 
gible.    This  is  a  very  useful  feature. 

lietiability.- — The  constructional  simplicity  and 
the  restriction  of  principal  wearing  surfaces  to  bear- 
ings, as  well  as  the  absence  of  valves,  without 
sacrificing  the  positive  action  or  ability  to  run 
without  priming,  makes  a  pump  of  extraordinary 
reliability. 


Eeplacement  of  parts. — A  glance  at  the  illus- 
tratiobs  shows  how  easy  it  is  to  replace  rapidly 
any  part  without  skilled  men ;  the  simplicity  and 
therefore  cheapness  of  the  moving  parts  is'  also 
shown.  The  time  saved  in  such  rapid  replacement 
may  be  quite  a  considerable  item  to  a  chemical 
works. 

Corrosion  and  leakage. — Such  a  variety  of  sub- 
stances may  be  pumped  that  it  would  be  futile  to 
enter  in  detail  into  the  materials  used  in  the  vari- 
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oils  instances.  The  pump  in  question  has  been 
sold  for  ammoniacal  liquor,  petrol,  tar,  creosote, 
linseed  oil,  whisky,  port  wine,  milk,  brine,  sugar 
molasses,  chlorine  water.  For  strong  acids  and 
other  highly-corrosive  liquids  it  is  easily  seen  that 
this  pump  will  involve  an  upkeep  in  nionej'  and, 
what  is  usually  more  important,  time,  less  than 
any  other  positive  jjump   known. 

Priming  and  i^acuinn. — It  is  most  unsatisfactory, 
in  chemical  works  particularly,  to  have  to  prime  a 
pump,  and  with  the  ".squeegee"  priming  is  elimin- 
ated even  for  suction  iifts  of  25  feet  and  over.  This 
property  of  drawing  a  good  vacuum  is  a  great 
merit,  and  one  can  open  and  close  a  cock  on  the 
suction  pipe  leading  straight  to  atmosphere,  while 
the  pump  picks  up  immediately,  and  even  with  a 
considerable  inflow  of  air  into  the  suction  pipe 
through  leaving  such  a  cock  partially  open  the 
pump  lifts  a  fair  proportion  of  its  normal  output. 
This  minimises  the  effect  of  leaking  suction  joints 
should  such  leaks  develop. 

Seversibilitij. — By  the  addition  of  a  simple 
attachment  in  connection  with  the  pump  the  de- 
livery and  suction  connections  remain  the  same  for 
either  direction  of  rotation.  Furthermore,  the 
simple  standard  model  when  reversed  simply 
changes  the  delivery  pipe  into  the  suction  and  vice 
versa,  making  an  admirable  arrangement  when  a 
liquid  is  required  to  be  pumped  from  one  reservoir 
to  another  and  then  back  again 

Valve  action. — No  valve,  in  the  usual  sense,  is 
used,  and  it  will  be  noticed  that  the  sliding  piece 
separating  suction  and  delivery  has  spring  tension, 
but  these  pumps  have  been  thoroughly  tried  with- 
out spring,  and  no  difference  at  all  has  been 
noticed.  The  valve  piece  is  held  to  its  work  by 
liquid  pressure  in  the  space  above  the  sliding  piece, 
the  effective  pressure  being  the  difference  between 
the  delivery  and  suction.  This  is  easily  demon- 
strated by  removing  the  plug  or  lubricator  when 
the  pump  is  running  and  covering  the  hole  with  the 
thumb. 

Balance. — Every  pump  has  a  pair  of  rotors  with 
opposite  eccentrics,  so  that  the  pump  runs  noise- 
lessly and  smoothly  at  a  high  speed. 

To  sum  up,  this  invention  has  produced  the  only 
high-speed  positive  pump  which  has  no  high-speed 
wearing  surfaces,  and  these  conditions  are  obtained, 
together  with  an  excellent  suction  lift,  without 
priming,  these  properties  being  achieved  by  the 
simplest  design. 

"  Aramore  "  reduction  gear. — Arising  directly 
from  the  principle  of  the  pump  described  is  a  reduc- 
tion gear  of  immense  utility.  In  studying  the 
relative  and  actual  motions  of  the  rotor  of  the 
"  squeegee"  pump,  Mr.  Beckwith  saw  that,  pro- 
viding friction  was  sufficient  to  keep  pure  rolling 


motion  of  the  rotor  round  the  casing,  the  principle 
could  be  adopted  to  transmit  power  with  almost 
any  speed  reduction  desired.  An  experimental 
gear  was  constructed  with  the  casing  lined  with 


ferodo,  and  the  principle  was  found  to  be  prac- 
tical. However,  it  was  highly  desirable  to  make 
the  gear  positive  rather  than  dependent  on  fric- 
tion, and  the  tooth  gears  were  substituted.  The 
gear  consists  of  a  casing  which  hou.ses  a  ring  with 
internal  teeth,  while  a  pinion  of  smaller  diameter 
is  constrained  to  roll  round  inside  it  by  being 
loosely  mounted  on  an  eccentric  on  the  shaft. 
As  in  the  case  of  the  pump,  this  rotor  has  a  rota- 
tional movement  relative  to  its  own  centre,  which 
is  proportional  to  the  difference  in  effective  dia- 
meters of  ring  and  pinion.  This  rotation  is  trans- 
mitted to  the  low-speed  shaft  by  a  sliding  member 
or  dog,  which  slides  in  a  groove  in  the  pinion,  and 
has  a  second  projection  at  right  angles,  which  slides 
in  a  groove  in  the  jaw  end  of  the  slow-speed  shaft. 
This  gives  the  equivalent  of  a  universal  joint. 

The  ratio  or  reduction  is  nl(N~n),  where  «  = 
number  of  teeth  in  pinion  and  N  =  number  of  teeth 
in  ring.  For  example,  if  the  ring  has  99  teeth 
and  the  pinion  96,  the  reduction  is  96-^3  =  32  to  1. 

An  inspection  of  the  gear  shows  the  compactness 
and  simplicity  and  brings  out  the  principle  of 
action  very  clearly.  One  merit  of  extreme  im- 
portance is  that  a  number  of  teeth  are  in  mesh 
at  the  same  time,  making  for  eniooth  and  even 
running,  freedom  from  fracture,  and  a  long  life. 

The  heavy  and  somewhat  clumsy  double  reduction 
or  even  single  reduction  gears  are  superseded  by 
this  neat  and  compact  design,  and  few  engineers 
would  adopt  a  worm  drive  after  seeing  this  gear 
in  operation.  A  considerable  number  of  these  gears 
have  already  been  in  operation  in  works  for  some 
months.  By  arranging  a  double  reduction  in  one 
compact  housing  a  reduction  of  400  to  1  has  been 
obtained,  and  this  gear  has  been  at  work  for  some 
months,  although  the  gear  was  only  invented  in 
the  spring  of  1919. 

DiscrssioN. 

Mr.  J.  A.  Reavell  said  the  paper  on  that  type 
of  pump  appealed  to  him,  as  he  had  done  a  certain 
amount  of  experimenting  on  apparatus  very  largely 
on  the  same  principle.  The  trouble  had  then  been 
a  question  of  lubrication. 

Mr.  PELiioRE  said  that  in  the  ordinary  way  the 
lubrication  was  ordinary  water  lubrication.  They 
had  had  one  running  six  months,  and  the  wear  was 
imperceptible.  They  had  used  them  for  pumping 
octroi,  and  although  less  lubricating  than  water,  it 
lubricated  itself.  It  ran  at  1000  r.p.m.,  or  1000 
galls,  per  hour.  They  had  run  it  at  1800,  and  the 
water  film  had  been  quite  sufficient.  In  sea  water 
they  had  successfully  used  a  special  metal  for  pre- 
venting galvanising  action. 

Mr.  F.  R.  Lowe  asked  what  was  the  clearance 
between  the  rotor.  In  dealing  with_  large  quanti- 
ties of  liquid  in  which  small  bodies  might  be  in  sus- 
pension pumps  would  not  work  on  the  squeegee 
principle. 

Mr.  Pelmore  said  that  they  had  run  the  pump  on 
sandy  water,  and  the  tests  were  done  without 
rubbers.  He  thought  the  rubber  would  deal  with 
the  sediment.  It  woidd  not  matter  if  there  was  a 
negative  clearance. 

Mr.  Lowe  :   Then  there  will  be  excessive  wear. 

Mr.  Pelmore  replied  that  if  one  kept  on  getting 
a  good  deal  of  matter  in  suspension  it  might  affect 
the  life  of  the  rubber,  and  all  that  would  mean  was 
that  one  could  get  it  re-tyred.  If  constantly  deal- 
ing with  sandy  materials  it  would  be  wise  to  pro- 
vide spare  rotors,  and  if  one  showed  wear  after  a 
year  or  so  it  could  be  sent  away  to  be  re-rubbered 
and  the  spare  put  on.  The  fixing  of  the  spare  was 
a  very  simple  operation.  They  had  made  careful 
and  special  tests  to  see  that  the  pump  would  deal 
with  liquids  containing  sediments. 
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Mr.  F.  Ctjnliffe  said  that  in  his  experience  with 
rotary  pumps,  whilst  the  pump  might  work  well 
with  "hot  liquids  it  lost  when  working  with  cold 
liquids,  or  vice  versa. 

Mr.  Pelsiore  suggested  that  in  such  a  case  the 
adjustment  should  be  made  to  the  highest  tempera- 
ture they  expected  to  get.  The  effect  would  be  a 
slight  diminution  on  efficiency  in  running  on  cold 
liquor  and  the  maximum  on  hot.  In  the  case  of  hot 
water  from  a  hot  well  one  could  work  with  a  nega- 
tive clearance.  As  to  efficiency,  the  small  pump 
worked  out  at  55  % ,  but  he  believed  that  efficiency 
would  be  increased  by  a  small  motor  running  on 
high  speed.  The  pressure  on  the  glands  affected  the 
power  so  much  that  the  readings  were  not  within 
reasonable  ac-curacy  to  give  out  the  real  efficiency. 
As  the  pump  was"  increased  in  size  that  factor 
would  become  almost  negligible.  As  they  had  only 
carried  out  proper  tests  with  small  sizes  he  would 
rather  be  in  a  position  of  not  showing  a  curve  than 
showing  one  which  might  have  to  be  corrected  as 
not  quite  reliable. 

Mr.  R.  X.  Stbw.\kt  asked  whether  the  pump  was 
adapted  to  the  pumping  of  gas.  There  was  a  great 
need  for  rotary  machinery  for  gas  such  as  SOj,  and 
he  did  not  think  there  was  anything  yet  suitable. 
He  had  seen  one  in  Canada  some  time  ago  made  by 
Nash  and  Co.  pumping  SO,  of  10%.  If  the 
Squeegee  pump  would  pump  chlorine  or  SOj  there 
was  a  great  future  for  it. 

Mr.  Pelmobe  said  that  he  hoped  the  idea  would 
be  developed,  but,  obviously,  for  success  in  that 
direction  lubrication  was  the  key  to  the  situation. 
Until  that  problem  was  scientifically  solved  he 
should  say  the  machine  was  not  suitable  for  gas. 
•  Mr.  H.  .J.\CKsoN  asked  what  was  the  greatest  head 
used  in  the  pump. 

Sir.  Pelsiore  replied  that  he  thought  183  ft.  was 
the  highest  they  had  used,  though  they  did  not 
confine  themselves  to  that.  As  it  got  beyond  a 
certain  point  there  was  a  certain  amount  of  leakage 
as  in  every  pump. 

The  Ch.-virsian  said  he  thought  that  Mr.  Pelmore 
had  not  given  the  answer  that  many  required  re- 
garding wear.  It  seemed  to  him  that  the  remarks 
made  by  the  speakers  with  regard  to  excessive  wear 
in  the  pump  lost  sight  of  the  fact  that  Mr.  Pelmore 
had  demonstrated  that  the  actual  wearing  part — • 
the  rotor — only  revolved  extremely  slowly  compared 
with  the  speed  of  the  shaft,  and  the  wear  was  really 
verv  much  reduced. 


the  improvements  in  centrifugal  acid  pumps,  is  the 
very  high  efficiency  which  can  be  obtained  by  this 
means  of  lifting  acid,  as  compared  with  the  use  of 
compressed  air  and  acid  eggs. 


CENTfilFUGAL  PUMPS  FOB  SULPHURIC  AND 
NITfilC  ACIDS. 

BY    S.    J.    TUNG-\r. 

Of  all  methods  of  lifting  sulphuric  acid,  perhaps 
none  has  received  greater  attention  at  the  hands 
of  chemical  engineers  during  the  last  few  years 
than  the  adaptation  of  centrifugal  pumps  for  this 
purpose.  This  is  doubtless  accounted  for  as  a  result 
of  the  difficulties  encountered  in  the  ca.se  of  pumps 
of  other  types,  mainly  through  valve  troubles, 
whereas  with  the  centrifugal  type  of  pump  there  are 
no  valves,  and  the  parts  subject  to  wearing  action 
or  friction  are  very  small  as  compared  with  plunger 
type  or  reciprocating  pumps. 

It  is  a  well  recognised  fact  also  that  a  small 
centrifugal  pump  will  deal  with  very  large  quanti- 
ties of  liquid,  whereas  for  handling  the  same  quan- 
tity of  liquid  by  means  of  a  plvinger  or  piston  type 
of  pump  a  machine  of  very  much  larger  bulk  would 
be  required. 

Another  decisive  factor  which  induced  chemical 
manufacturers  and  engineers  to  regard  favourably 


Fig,  1. 

In  pumping  acid  by  means  of  plunger  type  pumps 
a  very  great  danger  always  existed  from  the  leakage 
of  acid  under  pressure  from  the  glands  of  the 
pumps.  In  the  more  modern  types  of  centrifugal 
pumps,  whether  for  high  or  low  lifts,  this  trouble 
has  been  avoided  by  the  glands  having  been  so 
arranged  that  instead  of  being  subject  to  pressure 
of  acid,  they  are  only  subjected  to  a  suction,  and 
consequently  only  such  packing  is  needed  as  will 
prevent  any  inlet  of  air  whilst  the  pump  is  working. 
The  Haughton  Co.  have  for  some  years  past  greatly 
improved  the  design  of  regulus  metal  pumps  and 
Ironac  metal  pumps  for  the  lifting  of  acids  to  con- 
siderable heights,  and  for  the  feeding  of  Glover  and 
Gas-Lussac  towers  in  sulphuric  acid  works.  Fig.  1 
shows  one  of  the  more  modern  types  of  double-stage 
regulus  centrifugal  acid  pump  for  lifting  sulphuric 
acid  to  a  maximum  height  of  100  ft.  From  this 
design  it  will  be  seen  there  is  only  one  gland,  and 
this  being  on  the  suction  side,  there  is  no  fear  of 
leakage  of  acid  at  the  gland  whilst  the  pump  is  at 
work.  The  pump  shaft  is  fitted  with  two  ring  oil- 
ing bearings,  and  is  also  fitted  with  ball-thrust 
bearing  so  as  to  take  the  thrust  due  to  the  weight 
of  the  head  of  acid.  The  incorporation  of  suitable 
thrust  bearings  is  a  point  which  many  of  the  earlier 
designers  overlooked  when  designing  pumps  for 
pumping  acids  to  a  considerable  height,  with  the 
result  that  considerable  friction  occurred  on  the 
pump  .shaft  when  working  at  full  speed  and  heating 
up  of  the  bearings  often  resulted.  On  the  pressure 
side  in  this  pump  there  is  no  gland,  but  simply  an 
enclosed  bearing  which  is  maintained  full  of  lubri- 
cant from  a  grease  cup.  This  pump,  when  lifting 
sulphuric  acid  to  a  head  of  75  ft.,  consumes  1'9 
h.-p.,  and  works  at  2460  revs,  per  minute. 

A  great  many  pumps  of  this  type  have  been  fitted 
in  this  c-ountry  and  abroad  at  sulphuric  acid  works 
and  explosive  installations  during  the  war  with  very 
satisfactory  results. 

The  accompanying  table  (Xo.  1)  demonstrates  the 
working  tests  obtained  from  the  working  of  these 
multi-stage  or  turbine  pumps  when  dealing  with 
sulphuric  acid  of  sp.  gr.  l"o.  By  increasing  the 
stages  of  the  multi-stage  pumps  to  3  or  4  stages  it 
will  be  seen  that  a  corresponding  increase  in  height 
of  lift  is  obtained,  with,  of  course,  a  proportionate 
increase  in  consumption  of  power.  In  some  of  the 
larger  sizes  of  these  high-lift  acid  pumps  more 
elaborate  means  have  been  devised  to  effect  a  high 
efficiency  in  working,  and  many  installations  are 
now  working  which  show  as  high  as  47J  to  55% 
efficiency. 
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Table  No 

1. 

Pipe  connections 
Average   capacity 
Number  ot  stages 

Galls,    per    min. 

2 

u 
"3 

4 

2 

2 

44 
3 

4 

2 

3 

155 

3 

4 

2 

4 

220 
3 

4 

K.P.5I 

Head  in  feet 
H.P 

..    appr. 

22 
0-68 

13S0 

32 

102 

42 
1-36 

22 

1280 
32 
15 

42 
2 

22 
2'6 

980 
32 
3-9 

42 
0-2 

22 
3-8 

870 
82 
5  7 

42 
7-6 

R.P.M 

Head  in  feet      . . 
H.P 

..    appr. 

40 
11 

1800 

60 

1-65 

80 
2-20 

40 
1-70 

1700 

60 

2-55 

SO 
3-40 

40 
4-8 

1300 
60 
7-2 

SO 
9-6 

40 
6-6 

1150 
60 
99 

80 
13-2 

K.P.M 

Head  in  feet 
H.P 

..    appr. 

a(i 
144 

2160 

84 

216 

112 
2-88 

56 
2-30 

2040 

84 

345 

112 
4-60 

56 
6-4 

1560 
84 
9-6 

112 
12-8 

56 
9 

1380 

84 

13-5 

112 
IS 

E.P.M 

Head  in  feet     . . 
H.P 

appr. 

74 
1-90 

2460 
110 
285 

146 
3-70 

74 
31 

2320 
110 
4-6 

146 
6-2 

74 
8-S 

1770 
110 
13-2 

140 
17-6 

74 
12 

1580 

110 

18 

146 
24 

Table  2  shows  the  capacity,  the  output,  and 
the  poncr  required  for  this  pump  when  lifting 
nitric  acid  at  different  heads:  — 

Table  No.  2. 
Ironae  rumps. 


Height  of  lift 

7ft. 

13ft. 

20tt. 

26ft. 

33ft. 

875 

1250 

1510 

1760 

1955 

Galls,  per  min. 

15 

20-6 

25-4 

30 

33 

H.P.  required 

0091 

0-23 

0-375 

055 

071 

Height  of  lift 

40ft. 

46ft. 

52ft. 

59ft. 

66ft. 

Eevs.  per  min.      . . 

2160 

2320 

2480 

2630 

2770 

Galls,  per  min.      . . 

36-5 

39 

42 

45 

47 

H.P.  required 

0-96 

1-23 

1-54 

1-87 

2-24 

Height  of  lUt 

7ft. 

13ft. 

20ft. 

26ft. 

33ft. 

Revs,  per  min. 

950 

1340 

1620 

1890 

2120 

Galls,  per  min. 

25-6 

36 

43 

51 

57 

H.P.  required 

019 

044 

0-67 

0-95 

1-21 

Height  of  lift 

40ft. 

46ft. 

52ft. 

59ft. 

66ft. 

Revs,  per  min. 

2310 

2490 

2670 

2840 

2990 

Galls,  per  min. 

62 

66-5 

71 

76 

80 

H.P.  required 

103 

203 

2-62 

3-21 

3-82 

Fig.  2. 

Fig.  2  shows  a  three-stagie  centrifugal  pump 
again  so  arranged  that  there  is  but  one  stuffing  box 
and  gland,  with  a  thrust  collar  at  the  pressure  side. 
Tliis  has  been  arranged  with  a  bye-pass  leading  to 
the  first  or  suction  chamber  so  that  it  is  always 
subject  to  suction  while  working,  and  any  leakage  or 
overflow  at  this  point  is  carried  back  to  the  suction 
side.  This  forms  a  very  compact  and  highly  efficient 
design,  the  impellers  being  very  carefully  balanced 
and  internal  friction  reduced  to  a  minimum. 

It  must  be  confessed  that  many  of  the  difficulties 
formerly  met  with  in  constructing  these  pumps  for 
dealing  with  acids  have  only  been  overcome  as  a 
result  ^of  the  great  improvements  during  recent 
Tears  in  connection  with  metals  suitable  for  with- 


standing corrosion  from  sulphuric  and  nitric  acids. 
Internal  wearing  parts,  such  as  shafts,  bearing 
collars,  and  liners,  can  now  be  made  of  "  Irqnac  " 
or  acid-resisting  iron,  whilst  the  body  or  easing  of 
pumps  is  constructed  in  llegulus  or  similar  ijietal. 


FiQ.  3. 

Fig.  3  shows  a  single-stage  vertical  type  centri- 
fugal pump  arranged  for  driving  by  vertical 
spindle,  motor-coupled  direct  to  pump  shaft.  This 
arrangement  has  much  to  recommend  it,  and  a 
numljer  of  pumps  have  been  installed  fitted  up  in 
this  manner.  The  pump  chamber  has  a  bottom 
suction  fitted  with  a  balanced  impeller,  with  faced 
ring  on  impeller  working  in  machined  groove  on 
body  in  such  a  way  that  the  gland  packing  has  very 
little  work  to  do.  The  ball  bearing  is  arranged  on 
motor  spindle,  and  the  pump  works  with  but  little 
internal  friction.  The  multi-stage  pumps  are  often 
arranged  in  the  same  manner. 
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A  centrifugal  pump  which  has  been  remarkably 

successful  for  pumping  nitric  acid  is  shown  in  Fig. 
4.  This  pump  is  constructed  entirely  of  "  Ironac  " 
acid-resisting  iron,  with  the  exception  of  the  bed- 
plate, and  possesses  some  rather  unusual  points.  I 
believe  it  to  be  one  of  the  only  pump.s,  apart  from 
earthenware  or  pottery   pumps,   in  use   for  nitric 


the  actual  pressure  reaching  the  glands  was  very 
slight.  He  found  no  difficulty  with  leakage  when 
the  pumps  were  lying  idle. 

Jlr.  J.\CKSON  said  that  his  experience,  though  not 
with  that  particular  pump,  was  just  the  reverse. 
He  had  always  considerable  trouble  with  the 
glands. 


Fig.  4. 


acid  and  nitro  bodies.  Arranged  as  shown  with 
an  end  suction,  the  impeller  and  spindle  are  in  one 
piece.  A  long  stuffing  box  and  sleeve  are  adopted 
and  oil  grooves  machined  in  the  spindle  and  kept 
filled  with  ceresine  wax  lubricant  prevent  any 
trouble  from  leakage  at  the  gland.  The  spindle  is 
supported  by  two  bearings,  each  of  these  being  ball 
bearings  and  totally  enclosed,  enabling  the  pump 
to  be  run  at  comparatively  high  speeds  with  a  mini- 
mum of  friction  or  wear  and  tear.  The  use  of  this 
pump  for  nitric  acid  was  early  recognised  by  Mr. 
K.  B.  Quinan,  who  had  some  of  them  installed  for 
lifting  nitric  acid  at  the  Government  explosives  fac- 
tories. 

Some  of  these  small  pumps  fitted  at  the  Greetland 
Factory  raised  85%  nitric  acid  to  a  height  of  60  ft. 
continually  at  temperatures  up  to  125°  F.  Five 
pumps  which  were  fitted  pumped  22,000  tons  of 
nitric  acid  without  any  money  being  spent  upon 
them  for  maintenance.  Truly  a  record!  Although 
the  machine  itself  is  of  such  small  dimensions,  these 
are  lifting  240  tons  of  nitric  acid  per  24  hours  in 
many  works.  During  the  war  this  pump  was  very 
widely  installed  both  in  this  country  and  at  the 
munitioji  works  of  our  Allies,  where  it  has  earned 
an  excellent  record  for  pumping  nitric  acid  and 
liquors  containing  the  same. 

DiscrssioN. 

Mr.   H.   Jackson   asked   how   the   glands  stood. 

Mr.  TtTNGAY  said  they  had  many  pumps  working 
nitric  acid  with  a  head  of  85  ft.,  and  they  had  had 
no  trouble  with  leakage.     With  the  grooves  used 


Mr.  TtTNGAY  said  they  had  made  special  provision 
against  that.  With  the  old  type  of  pump  consider- 
able leakage  occurred  at  the  glands,  but  with  the 
modern  plant  the  glands  were  not  subjected  to  the 
same  pressure.  There  was  no  fear  of  leakage  under 
modern  conditions. 

Mr.  S.  A.  AViKNER  raised  the  question  of  pumping 
"  slurries."  He  remembered  having  to  pump 
caustic  soda  in  a  process  of  causticisation.  He  had 
put  it  through  a  small  centrifugal  pump  in  which 
the  space-between  the  propeller  blades  was  small 
and  the  particles  choked  it  up.  It  was  partially 
overcome  by  putting  in  a  straining  box.  He  did  not 
see  why  the  propellers  should  not  always  be  wide. 

Mr.  TuNGAY  thought  there  was  no  reason  why 
they  should  not  be  quite  w-ide  and  efficiency  be 
attained.  He  had  used  the  centrifugal  pump  for 
copper  sulphate  and  other  liquors  with  crystals  and 
had  no  difficulty  at  all.  With  a  considerable  clear- 
ance he  had  been  able  to  pump  even  small  stones 
and  gritty  water  without  trouble.  He  thought 
that  with  considerable  clearance  in  the  centrifugal 
pump  there  was  no  friction  in  the  internal  parts. 

Mr.  A.  RrDGE  asked  whether  iron  was  suitable 
for  the  centrifugal  pump.  He  had  known  the  pro- 
pellers of  centrifugal  pumps  get  very  brittle  and 
had  broken  off. 

Mr.  TuNGAY  replied  that  if  he  was  referring  to 
cast  iron  it  was  a  very  ambiguous  quantity  nowa- 
days. 

Mr.  Reavell  remarked  that  just  before  the  war 
Mr.  Kestner  had  patented  and  developed  a  direct- 
action  pump  with  a  definite  clearance,  and  it  was 


so 
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11  perfect  success.  The  leakage  was  one  or  two 
drops  per  hour.  The  pump  was  so  successful  that 
the  Germans,  when  occupying  Lille,  took  two  truck- 
loads  of  them  to  Germany,  as  well  as  the  whole  of 
the  patterns,  and  all  the  detailed  drawings. 

Mr.  TuNGAy  said  ho  knew  a  glandless  pump  had 
been  doing  good  work  though  showing  a  slight  frac- 
tion of  leakage. 


CBOWS  IMPROVED  METHOD  OF  TRANS- 
PORTING AND  DISTRIBUTING  LIQUIDS 
ABOUT  A  FACTORY. 

BY   H.    W.    CHOW. 

Though  the  benefits  that  result  from  the  use  of 
Crow's  imprqved  system  of  transportation  have, 
in  practice,  proved  to  be  very  great,  a  quite  short 
description  will  suffice  to  explain  how  it  operates. 

In  the  past  the  transference  of  liquids  to  and 
from  the  various  vessels  of  a  factory  or  elsewhere 
has  involved  more  or  less  complex  pipe  lines, 
numerous  branches,  and  a  great  number  of  cocks  or 
valves.  Tlie  branches  and  the  cocks  and  valves 
involve  a  constant  liability  for  the  liquid  that  is 
being  transferred  to  become  contaminated  with 
portions  of  liquid.s  from  other  vessels  and,  con- 
versely, for  portions  of  the  main  liquid  to  get  into 
the  wrong  vessels.  This  contamination  may  take 
place  from  three  causes — the  men  may  leave  more 
than  the  necessary  cocks  ojicn ;  or  cocks,  correctly 
shut,  may  "pass";  and  thirdly,  liquids  from  pre- 
vious operations  may  be  lying  in  the  various 
branches.  These  objections  are  by  no  means  fancy 
ones.  In  a  naphtha  plant,  for  instance,  in  trans- 
ferring higli-flash  naphtha  from  a  store  tank  to 
a  filling  tank,  traces  of  benzole  or  other  low-Hash 
products  have  l)een  drawn  up  through  slightly 
leaking  cocks,  and  thus  lowered  the  Hash  point  of 
the  main  product  sufficiently  to  necessitate  its 
rejection.  Numerous  other  incidents  of  a  similar' 
nature  have  occurred  in  the  writer's  works  over 
many  years,  and  it  was  largely  the  pressure  of 
these  mishaps  that  led  to  the  development  of  the 
present  device,  a  patent  for  which  was  granted  some 
little  time  ago. 

The  device  is  a  nleans  of  putting  any  given  vessel 
into  communication  with  any  other  by  a  kind  of 
switch  table,  avoiding  cocks  and  valves  and  branch 
pipes,  either  directly  or  through  the  intermediary 
of  a  pump. 

Practical  men  know  that  the  severest  critics  of  an 
innovation  are  the  workmen  themselves.  It  is 
instructive,  therefore,  to  note  that  our  men  have 
heartily  welcomed  the  intrnduction  of  tVe  switih 
table  system  into  the  works.  The  method  is  im- 
mensely simplifying  our  pumping  operations.  A 
further  advantage  is  tlu^  very  considerable  saving 
in  the  outlay  on  cocks  and  valves. 

The  essential  idea  is  to  bring  pipe  lines  from  a 
number  of  vessels  to  one  point  terminating  in  such 
a  «'ay  as  to  make  a  circle  of  .short  vertical  pipes  at 
the  circumference  of  a  table.  The  end  of  each  short 
pipe  is  to  be  fitted  with  a  cone  union,  devolving 
round  the  centre  of  this  circle  are  two  radiating 
arms,  one  end  of  each  capable  of  connection  to  any 
of  the  above-mentioned  cone  unions  and  the  other 
ends  connected  to  two  loops,  one  above  and  one 
below,  the  further  ends  of  which  loops  are  brouglit 
into  connection  with  one  another  either  through 
two  bridge  pieces  and  tbe  suction  and  delivery  of 
a  pump,  or  through  one  bridge  piece  direct.  It 
will  be  seen  that  in  this  way  any  one  of  the  short 
vertical  pipes  of  the  circumference  of  the  table  can 
be  brought  into  connection  with  any  other  and, 
therefore,  any  one  of  the  vessels  with  any  other  of 
the  group.     By  7nnking  one  or  more  of  the  short 


vertical  pipes  lead  to  corresponding  short  vertical 
pipes  of  other  tables  further  groups  of  tanks  can 
be  brought  into  inter-communication.  We  have  a 
number  of  tables  fixed  at  Barking,  any  one  of  which 
can  be  connected  to  any  other  by  means  of  these 
junction  lines,  either  directly  or  through  a  third 
table. 

It  should  be  noted  that  the  works  pipes  that  are 
to  be  connected  to  the  lower  ends  of  the  circum- 
ferential pipes  must  be  taken  to  the  bottom  of  the 
various  vessels  to  which  they  lead  to  allow  liquids 
to  be  withdrawn  or  delivered  as  desired.  It  is 
preferable  to  arrange  tlie  tables  in  a  position  higljer 
than  the  highest  vessel.  If  this  is  not  practicable, 
tiny  pet  cocks  should  be  fitted  at  the  highest  point 
in  the  pipes  leading  to  the  various  vessels  in  order 
that  siphoning  may  be  prevented. 

We  would  emphasise  that' the  table  can  be  used 
in  coninnctiou  with  its  own  pump  or  not,  according 
to  whether  the  arriving  liquid  has  to  be  drawn 
to  the  table  or  whether  it  is  being  propelled  from 
elsewhere  (by  another  pump,  or  by  air  pressure, 
or  other  means').  When  the  pump  is  not  refjuired 
one  of  the  bridge  pieces  is  swung  on  one  side,  and 
the  other  connected  .straight  across  the  two  loop 
terminals.  When  an  operation  is  completed  it  is 
possible,  by  slowing  down  the  jnimp,  to  .sweep  the 
pipes  all  but  free  from  liquid  by  allowing  air  to 
he  sucked  through. 

In  working  the  system  we  arrange,  for  the  sake 
of  uniformity,  tluit  licpiids  coming  to  a  table  travel 
fin  the  lower  radiating  arm  to  the  lower  loop  first, 
then  rise  via  the  long  limb  of  the  upper  loop  and  on 
through  the  rest  of  the  upper  loop  for  distribution 
by  the  upper  radiating  arm  to  the  pipe  that  is  to 
convey  the  liquid  to  the  receiving  vessel.  We  have 
provided  our  tables  with  little  grease  cups  and 
brushes  so  that  the  threads  of  the  terminal  unions 
may  be  kept  greased.  As  indicated,  tlie  tables  are 
fitted  with  cone  unions,  and  no  trouble  arises  from 
leaky  joints. 

In  the  rough  preliminary  model  exhibited  square 
elbows  were  used  :  in  practice  the  pipes  are  de- 
signed with  ea.sy  curves.  The  somewhat  tortuous 
course  imposed  upon  the  liquid  in  no  way  affects 
the  smooth  running  of  the  pumps. 

Complete  tables  will  shortly  be  on  the  market 
manufactured  under  the  letters  patent  No.  130.946, 
and  I  hope  they  will  contribute  not  a  little  to  the 
efficient  transference  of  liquids  in  our  factories. 


Evening  Session. 

After  an  informal  dinner  at  the  Central  Station 
Hotel  the  evening  session  was  commenced  under  the 
presidency  of  Prof.  P.  P.  Bedson,  of  Armstrong 
College,  followed  later  by  Mr.  G.  Sisson.' 

Prof.  Bedson  welcomed  the  conference  to  New- 
castle and  to  the  college.  Whilst  fully  appreciating 
the  importance  of  chemical  engineering,  chemistry, 
too,  was  very  important,  and  he  did  not  want  to 
see  one  science  or  branch  of  the  science  overshadow- 
ing the  other.  WHien  they  came  to  chemical  en- 
gineering there  was  a  danger,  it  appeared  to  him, 
that  an  idea  was  obtaining  that  a  man  could  l>e 
educated  as  a  chemical  engineer  between  the  ages 
of  17  and  21.  ■  .\  cbemital  engineer  should  first  be 
a  chemist  and  tlicn  an  engineer,  so  that  more  time 
should  be  devoted  to  his  education  than  was  usually 
devoted  in  tliis  country.  A  man  should  be  first 
taught  to  think  chemically,  then  mechanically,  then 
electrically,  and  then  financially.  Since  he  came  to 
college  at  the  age  of  17  he  wondered  when  he  would 
leave  college.  If  in  three  years  he  succeeded  in 
teaching  a  man  to  think  and  feel  chemically  he  con- 
sidered he  had  done  weli  for  him. 
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GENEDAL  TYPES  OF  PUMPING  MACHINERY 
FOR  CHEMICAL  WORKS. 

DT    J.     H.     WEST,    A.C.n.I.,    A.M. INST. C.E. 
Introduction. 

The  handling  of  liquids  in  chemical  works  in- 
volves problems  of  the  utmost  variety,  ranging 
from  the  lifting  of  water  from  deep  wells,  fire  ser- 
vice and  boiler  feeding,  to  the  handling  of  liighlv 
corrosive  liquids  and  of  very  thick  and  viscous 
liquids.  The  apparatus  available  for  dealing  with 
these  problems  presents  an  equal  variety,  and  the 
aim  of  this  paper  is  to  collect  and  tabulate  in  con- 
venient form  for  reference  a  number  of  types  and 
makers  of  pumping  machinery,  which,  while 
obviously  not  forming  a  complete  survev  of  all  the 
innumerable  makes  of  pumps  now  on  the  market, 
yet  shall  be  representative  of  all  types. 

Information  will  be  given  as  to  the  special  char- 
acteristics of  each  type  and  make  and  their  particu- 
lar spheres  of  usefulness  in  chemical  works,  together 
with  notes  on  their  efficiency  where  available  and 
other  data  which  may  I>e  of  use  to  chemical 
engineers  in  dealing  with  pumping  problems. 

The  paper  is  divided  into  four  parts,  the  first 
dealing  with  general  service  pumps,  bv  which  is 
meant  pumps  for  water  and  non-corrosive  chemical 
iquors;  the  second  part  with  pumps  for  grittv 
liquors,  sludges  and  viscous  liquids;  the  third  part 
with  apparatus  for  handling  corrosive  liquids:  and 
the  last  part  with  pumpirrj  by  means  of  compressed 
air,  a  section  on  ejectors  being  included  in  this 
part  for  convenience. 

Pumping  problems. 
In  any  pumping  problem  certain  data  are  re- 
quired in  order  to  determine  the  best  tvpe  and  size 
of  pump  for  the  purpose,  and  pump  users  would 
save  themselve-s  and  the  makers  much  trouble  if 
they  would  always  send  full  particulars  with  their 
enquiries.  The  information  required  is  as 
follows:  — 

1.  The  quantity  of  liquid  to  be  pumped  in  gallons 
p<!r  hour  or  per  minute.  If  the  quantity  varies  give 
the  maximum,  minimum  and  average.  " 

2-  T,^e  total  dynamic  head  to  be  pumped  against 
or  failing  this,  the  total  static  head,  togethe?  with 
full  particulars  of  the  size  and  length  of  the  suction 
and  delivery  pipes,  if  existing,  including  the 
number  of  bends  and  valves. 

3.  The  suction  lift  and  the  variation  in  head  if 
any  (suction  and  deliverv  separately)  ' 

4  The  nature  of  the  liquid  to'  be  pumped, 
whether  clear  water,  chemical  liquor,  liquid  con- 
taining sohds  in  suspension  or  thick  viscous  liquid 
It  other  than  clear  wat^r,  the  nature  and  strength 
of  the  liquid  should  be  given,  and  the  specific 
gravity  and  viscosity,  ' 

1'  ??¥  temperature  of  the  liquid. 
;„;■  ^M'!'*^7  the  pump  is  to  work  continuously  or 
actual  work  per   week. 

7.  The  nature  of  the  motive  power  available  If 
steam,  give  the  gauge  pressure  at  the  pump  and 
the  temperature  if  superheated.    If  belt  drive    "i^e 

thn/'^'''^,^^  '^^  ?'?^^*  •''"'^  *''^  '«^g^^t  size  of  pul  Iv 
that  can  be  provided.  If  electric  give  voltage,  and 
if  A.C   number  of  phases  and  cycles.    If  compre^ied 

.V.     ii\      !    '■'\-''    °^    direct-connected    pumps    it 
should  be  stated   whether  the  motor  or  tin-bhie    s 
to  be  supplied  by  the  purchaser  or  the  maker 
+>,./■  ■"/J"",''*'-'"^  '"  ^2)  is  meant  the  static  head 
thf  l-'-  ■^}''-  '^''^^"^^  in  f«^t   from   the  surface  of 
t^ie   liquid   in   the  vessel   or   tank  from   whic^t  the 

l^Z^  nl,  ""Vr"'?  * V''^  ^'^^^'''  P°"'t  of  the  dehverv 
fn'^fh^'^"'  the  head  required  to  overcome  friction 
in  the  pipe  including  bends  and  valves.         "^'"""' 


The  friction  head  depends  upon  the  size  of  the 
pipe  for  a  given  flow  of  liquid  jier  minute,  and  the 
larger  the  pipes  used  the  less  will  be  the  cost  of 
pumping,  but  the  greater  the  initial  cost  of  the 
pipes. 

It  is  a  common  practice  to  use  larger  pipes  for 
the  suction  than  for  the  discharge,  and  it  is  as 
well  to  select  velocities  which  give  a  friction  head 
m  the  discharge  pipe  representing  not  more  than 
•5%    of  the  length  of  the  pipe  line. 

Probably  the  most  reliable  formulae  for  the  flow 
of  water  through  pipes,  and  the  resulting  friction 
head,  are  those  of  Mr.  A.  A.  Barnes,  which  are 
of  the  general  form  :  — 

velocity =constant  x  ma .  i'' 

friction  head  =  constant  x  ~ 
tn''' 

I  where  m  is  the  hydraulic  mean  radius,  i  the  ratio 
of  head  absorbed  to  length  of  pipe,  and  I  the  length 
of  pipe. 

From  these  formulsp  the  following  table  of  veloci- 
ties, in  feet  per  second,  which  correspond  to  friction 

:  heads  of  o%  of  the  length  of  the  pipe,  has  been 
calculated. 


Pipe  diameter  in  iaehes.       1     1-5      2     2-5 


Velocity — 

iu  uneo.ited  C.I.  pipes. . 
in  asphalted  CI.  pipes  . 
in  unf^>ated  steel  pipes  . 
in  asphalted  steel  pipes, 
in  clean  lead  pipes 
in  elean  glass  pipes 


2-9  3-8 
4-2 
30 
3-9 


3-7  I  4-4 
31 


2-3 
.31 


5-0  15-6 

3-7  4-2 

5-3  '5-9 

5-8  6-6 

4-2  4-8 

5-1  5-7 


6-6 

5-3 
71 


7-6 
6-3 
8-3 
90 
6-8 
7-6 


8-5 
71 
9-3 
10-1 
7-7 
8-4 


The  formulae  are  given  in  the  Appendix,  and  it  is 
proposed  at  a  later  date  to  issue  separate  charts  as 
Data  Sheets  of  the  Chemical  Engineering  Group, 
showing  the  friction  head  at  various  velocities  in 
these  classes  of  pipes. 

The  figures  given  above  refer  onlv  to  elean  new 
pipes,  and  in  selecting  the  size  of  pipe  for  a  given 
flow  allowance  for  corrosion  must  be  made  by  add- 
ing a  percentage  to  the  actual  flow.  In  most  cases 
froin  o  to  10  :  will  be  sufficient  for  this  purpose 
in  chemical  works,  though  in  water  works  practic-e 
where  the  pipes  are  likely  to  remain  in  use  for  manv 
years,  1.5  ;  is  often  added. 

The_  friction  head  caused  bv  a  standard  bend  is 
probably  about  02  ft.,  but  since  the  internal 
smoothness  of  the  pipes  after  use  is  a  matter  of 
considerable  unc-ertainty.  allowance  for  bends  un- 
less there  are  very  many  of  them,  mav  be  included 
in  that  for  deterioration. 

When  liquids  other  than  water  are  to  be  pumped 
the  static  head  will  be  that  due  to  a  correspondin<' 
head  ot  water  multiplied  by  the  specific  gravitv  of 
the  liquid,  and  the  friction  head  will  be  that  "due 
to  a  corresponding  flow  of  water  multiplied  bv  the 
viscosity  of  the  liquid  taking  that  of  wat4r  as 
unity,  .and  haying  due  regard  to  the  temperature 
at  which  the  liquid  is  to  be  pumped,  since  the  vis- 
cosity changes  greatly  with  temperature,  a  differ- 
ence of  1    F.  in  some  casts  producing  a  change  of 

,   o  -   in  the  viscosity. 

j  In  the  case  of  "very  viscous  liquids  it  is  often 
necessary  to  reduce  the  viscositv  bv  means  of  a 
small  steam  pipe  run  through  the  pipe  lines  On 
account  of  the  greater  comparative  friction  in  small 
pipes  the  carrying  capacity  of  pipes  is  not  propor- 
tional to  their  area,  and  a  t,-ible  of  pipe  equivalents 
allowing  for  this  fact,  is  giVen  in  the  Appendix. 

Selection  of  pumps. 
Iji  selecting  a  pump  for  a  particular  service  many 
tjictors  have  to  be  considered  besides  first  cost  or 
even  efficiency  and  as  a  rule  reliabilitv  should  be 
the  hrst  c-onsideration.  because  the  losk  of  output 
due  to  a  breakdown  may  cost  more  than  the  entire 

p2 
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pump.  Many  people  buy  pumps  entirely  on  a  price 
basis,  the  lowest  price  for  any  sort  of  thing  resem- 
bling a  pump  which  will  do  the  duty  given  when 
new  gets  the  order.  This  is  a  sure  sign  that  those 
people  do  not  keep  proper  works  costs,  and  that 
they  hare  not  the  remotest  idea  what  their  pump- 
ing costs  them  when  it  is  being  done,  let  alone  what 
it  costs  them  when  it  is  not  being  done,  often  a 
more  important  item  with  a  low-priced  pump. 

It  is  not  contended  that  an  expensive  pump  is 
necessary  for  intermittent  work;  in  such  cases  the 
interest  on  capital  item  may  form  a  big  proportion 
of  the  total  cost  of  pumping,  but  in  the  majority 
of  case*,  where  fairly  continuous  service  is  required, 
the  best  pump  of  its  type  obtainable  is  undoubtedly 
the  best  investment. 

Another  point  which  relates  particularly  to  steam 
pumps  is  that  it  is  mistaken  economy  to  work  a 
pump  at  a  maximum  rating.  It  is  a  common  thing 
in  chemical  works  to  see  direct-acting  pumps 
slogging  away  at  a  speed  never  intended  even  by 
the  makers,  with  the  result  that  they  knock  them- 
selves to  pieces  very  soon. 

Makers  usually  recommend  that  pumps  for  boiler 
feeding  should  be  worked  at  half  the  piston  speed 
given  for  general  service  duty,  and  it  is  far  more 
economical  to  use  only  70%  or  80%  of  the  maximum 
piston  speed  for  the  latter  also. 

For  the  same  reason  a  long  stroke  pump  is  prefer- 
able to  a  short-stroke  one,  since  the  wear  on  every- 
thing except  cylinders  and  buckets,  or  rams  and 
glands,  is  dependent  on  the  number  of  reversals. 

The  direct-acting  steam  pump  was  evolved  in 
order  to  meet  the  demand  for  a  cheaper  type  than 
the  flywheel  steam  pump,  and  the  duplex  pump 
represents  a  form  of  it  in  which  very  simple  steam 
valve  gear  can  be  used,  since  the  motion  of  one  rod 
actuates  the  valve  on  the  other  cylinder.  These 
pumps  are  not  economical  in  steam,  owing  to  the 
necessity  for  considerable  clearance  at  the  ends 
of  the  stroke  to  allow  of  cushioning  ;  and  the  duplex 
pump,  unless  particularly  well  designed,  is  apt  not 
to  work  its  full  stroke  on  both  cylinders,  but  they 
are  good  serviceable  pumps  if  not  run  too  fast. 

A  ram  pump  has  the  advantage  over  one  of  the 
bucket  type  in  that  any  slip  past  the  plunger  is 
apparent  at  the  stuffing  boxes,  whereas  considerable 
slip  past  a  bucket  plunger  may  take  place  without 
being  detected. 

The  belt-driven  centrifugal  pump  is  probably  the 
lowest  in  first  cost  of  all  types  of  pump,  and  the 
efficiency  is  good  for  large  quantities,  but  only 
moderate  for  medium  quantities,  especially  at  high 
lifts,  and  distinctly  bad  for  small  quantities. 

The  necessity  of  priming  centrifugal  pumps 
before  starting,  unless  the  liquid  is  supplied  from 
a  level  higher  than  the  pump,  is  a  disadvantage 
for  chemical  work  in  most  cases,  but  the  absence 
of  valves,  and  the  fact  that  the  decrease  in  efficiency 
owing  to  wear  is  probably  less  than  in  the  case  of 
reciprocating  pumps,  especially  with  the  open  type 
impeller,  is  in  their  favour. 

Trouble  at  the  stuffing  boxes  is  rather  frequent 
in  practice,  but  in  many  cases  this  is  due  to  faultv 
packing,  and  if  a  suitable  packing  for  the  particu- 
lar liquor  being  pumped  is  selected,  there  should  be 
no  trouble  from  this  source.  There  is  a  good  deal 
to  be  said  for  the  centrifugal  pump  with  only  a 
single  stuffing  bos,  and  that  on  the  suction  side, 
for  chemical  work. 

In  the  case  of  pumps  for  corrosive  liquids  the 
question  of  safety  and  reliability  far  outweighs 
that  of  first  cost  or  efficiency,  for  the  quantities 
to  be  handled  are  generally  comparatively  small. 

The  choice  of  suitable  valves  has  much  to  do  with 
the  satisfactory  working  of  pumps  lifting  chemical 
liquors,  and  the  provision  of  efficient  strainers  of 
ample  area  on  the  suction  pipes  is  of  great  assist- 
ance to  the  proper  operation  of  the  valves. 


Pumping    efficiency. 

Before  discussing  the  comparative  efficiency  of 
the  various  types  of  pumps,  it  will  be  well  to  have 
a  clear  idea  of  what  the  cost  of  power  for  pumping 
may  amount  to  in  a  year. 

The  number  of  hours  a  pump  may  actually  work 
varies  enormously,  being  only  a  few  hours  per  week 
in  some  cases,  while  others,  such  as  boiler  feed 
pumps,  often  work  8000  hours  a  year. 

The  following  table  gives  the  yearly  cost  of  power 
for  pumping  water  at  various  rates  against  a  head 
of  thirty  feet,  assuming  4000  hours  to  be  worked 
in  the  year,  and  the  cost  of  one  b.h.p.hr.  to  be 
IJd.,  wliich  is  equivalent  to  electric  power  delivered 
to  a  motor  of  85%  efficiency  at  l'42d.  per  unit. 


Gallons 
per  hour. 


Yearly  cost  of  power  in  pounds  at 
various  efficiencies. 


100% 

70% 

60% 

50% 

40% 

30% 

20% 

10% 

500 

1-6 







40 

5-3 

7-9 

15-8 

1.000 

3-2 



. 

6-4 

80 

10-7 

160 

320 

5.000 

160 



26-7 

320 

40 

530 

— 

^— 

20.000 

64 

91-4 

106-7 

128 

160 

213 

— 

— 

50.000 

160 

229 

267 

320 

400 

533 

— 

— 

The  second  column  gives  the  cost  of  the  power 
actually  necessary  at  100%  efficiency. 

It  will  seen  that  the  money  dilference  between, 
say,  40%  and  50%  is  not  great  with  the  smaller 
quantities,  and  would  be  quite  unimportant  with 
one  pump  handling  these  quantities,  but  where 
large  numbers  of  small  pumps  are  used  the  aggre- 
gate quantity  will  be  large. 

In  order  to  have  a  basis  of  comparison  between 
the  efficienc.v  of  steam  pumps  and  those  driven  by 
belt  or  motor,  it  is  necessar.v  to  assume  a  figure 
for  the  steam  which  represents  a  horse-power-hour, 
and  in  what  follows  this  figure  is  taken  at  35  lb. 

The  efficienc.v  of  pumping  by  compressed  air  is 
dealt  with  separately  in  Part  IV. 

As  might  be  expected,  the  efficiency  of  small 
pumps  of  all  t.vpes  is  very  low,  owing  to  the  small 
hydraulic  mean  radius  of  the  passages,  and  this 
is  particularly  marked  with  centrifugal  pumps. 

A.  I  in.  centrifugal  pump  throwing  1000  gallons 
per  hour  against  a  head  of  30  ft.  will  have  an 
efficiency  of  15%  to  18/',  a  2  in.  pump  throwing 
5000  gallons  per  hour  will  show  about  40%,  a  3  in. 
pump  throwing  10,000  to  12,000  gallons  55%  to  60%, 
while  efficiencies  of  70%  and  over  are  only  attain- 
able in  pumps  of  6  in.  or  7  in.  and  over,  handling 
50,000  gallons  per  hour  upwards,  quantities  which 
are  hardl.v  ever  met  with  in  chemical  works. 

In  connection  with  centrifugal  pumps  it  must  be 
remembered  that  for  any  given  pump  there  is  a 
certain  set  of  conditions  as  to  speed,  quantity,  and 
head,  for  which  the  efficienc.v  of  that  pump  will  be  a 
maximum,  and  any  deviation  from  these  conditions 
will  mean  a  decrease  in  efficiency. 

It  is  desirable  therefore,  to  some  extent,  to  design 
every  centrifugal  pump  for  the  particular  conditions 
under  which  it  is  to  work,  in  order  to  get  the  best 
results,  and  this  is  what  the  makers  do  when  the 
selection  of  a  pump  is  left  to  them.  They  do  not, 
of  course,  design  every  pump  ab  initio,  but  they 
select  from  their  standard  patterns  the  most  suit- 
able size  of  casing  and  impeller,  and  select  the 
most  efficient  speed  for  the  given  duty. 

Some  curves  supplied  bv  Messrs.  Gwynnes,  Ltd., 
are  given  in  Fig.  39,  showing  the  relation 
between  quantity,  speed,  head,  power,  and  effici- 
ency. These  curves  are  plotted  on  a  percentage 
basis,  the  conditions  which  give  maximum  efficiency 
being  shown  as  100%,  and  the  efficiencies  being 
shown  as  percentages  of  the  maximum,  which  may 
be  anything  actually  from  12%  to  75%  according 
to  the  size  of  the  pump. 
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From  these  curves  can  be  seen  the  effect  of  using 
a  centrifugal  pump  under  conditions  other  than 
those  for  which  it  was  designed.       i^r 


and   they   are    arranged   for    convenience  in   the 
alphabetical  order  of  the  makers. 

N.B. — In  giving  the  sizes  of  steam  pumps  the 
usual  convention  is  followed  of  stating  the  bore  of 
the  steam  cylinder  first,  then  the  diameter  of  the 
bucket  or  ram,  and  the  stroke  last. 

Section  "  A." — Reciprocating  pumps. 

Pumps  made  by  Messrs.  Joseph  Evans  and  Sons,  Ltd., 

of  Culwell  Works,  Wolverhampton. 

The  "Cornish"  Direct-acting  Steam  Pump,  of 
the  horizontal  bucket  type,  is  made  in  many  sizes 
from  4''x2"x9"  up  to  28" x  14" X 36" ,  with  a  piston 
speed  of  100  feet  per  minute. 

The  steam  valve  gear  is  of  the  piston  type,  with- 
out tappets.    These  pumps  are  suitable  for  heads  up 


'  Cornish 


Horizontal  Steam  Pump. 
Fig.  1. 


The  efficiency  of  duplex  steam  pumps  will  vary 
from  about  20%  in  small  sizes  up  to  40%  in  large 
sizes,  corresponding  to  steam  consumptions  of 
175  lb.  per  h.p.hr.  to  88  lb.  That  of  direct-acting 
pumps  such  as  Tangyes'  "  Special  "  will  range  from 
25  %  up  to  50  %  .  The  efficiency  of  flywheel  pumps 
is  usually  several  per  cent,  better  than  that  of 
direct-acting  pumps  of  the  same  capacity,  owing  to 
the  smaller  clearances  in  the  steam  cylinder  and 
the  greater  ease  in  working  expansively. 

The  steam  consumption  can  be  reduced  consider- 
ably by  compounding  the  steam  cylinders,  and  also 
by  fitting  condensers  to  the  exhaust. 

Where  the  exhaust  steam  from  pumps  can  be 
used  for  heating  liquors  in  chemical  works  the 
steam  consumption  is  of  little  consequence,  since 
nearly  90  'J  of  the  heat  in  the  live  steam  is  recovered 
in  the  exhaust  steam. 

The  efficiency  of  diaphragm  pumps  ranges  from 
about  14%  in  small  sizes  up  to  20%  in  the  largest 
sizes  usually  made. 

The  above  figures  for  pump  efficiencies  represent 
average  values  for  pumps  by  first-class  makers  and 
in  perfect  condition.  They  may  sometimes  be 
exceeded,  and  no  doubt  many  pumps  on  the  market 
will  fall  considerably  below  them. 

PART  I. 

General  service  pumps. 

Pumps  for  general  service  mostly  belong  to  one 
of  the  following  categories  :  — 

(a)  Reciprocating,  which  include  direct-acting 
steam  pumps,  flywheel  steam  pumps,  duplex 
steam  pumps,  and  belt  or  motor-driven 
pumps. 

(b)  Centrifugal  pumps,  either,  direct  coupled  to 
electric  motors  or  steam  turbines,  or  belt- 
driven. 

Tlie  following  pumps  are  described  and  illus- 
trated as  being  typical  of  the  best  modern  practice, 


'  Cornish 


Vertical  Steam  Pump. 
Fig.  2. 


to  300  ft.,  and  the  water  ends  can  also  be  had  brass 
or  gunmetal  lined,  or  all  brass. 

Some  of  the  sizes  can  be  fitted  with  long  distance 
pieces  for  use  with  chemical  liquors,  so  that  no  part 
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of  tlie  rod  vp'hich  com<>s  into  contact  v\-it]i  the  liquor 
enters  the  steam  cylinder.  Fig.  1  illustrates  this 
pump.  A  similar  pump  is  made  of  the  vertical 
bucket  type  from  3"x2"x9"  up  to  24"  X 14"  X 24", 
as  shown  in  Fig.  2. 

Duplex  pumps,  suitable  for  heads  up  to  300  ft., 
and  made  in  various  metals  to  suit  different 
liquors,  are  made  in  sizes  from  2i"xl5"x3"  up  to 
24"xI4"xl2".     Fig.  3  shows  this  pump. 

The  ram  pumps  made  by  Jlessrs.  Evans  are 
described  in  Part  II. 


The  "  Manchester  "  Pumping  Engine  is  of  the 
vertical  flywheel  single-acting  ram  type,  as  shown 
in  Fig.  5.  It  is  made  with  one  ram  from  4"x2"x4" 
up  to  7"x5"xI0",  with  two  rams  from  5i''x3"x6" 
up  to  16"  X  II"  X 16",  and  also  in  a  numbej-  of  sizes 
con\pounded. 

The  "  Manchester"  Donkey  or  Wall  Pump  is  of 
similar  type  to  the  above,  but  arranged  for  fixing 
to  a  wall.  It  is  made  from  2"xl"x2"  up  to 
8i"x6"x8"  with  single-acting  ram,  and  from 
2i"xli"x2i"  up  to  7"x5"x6"  with  double-acting 
bucket. 


Duplex  Pump  by  Evans. 
Fig.  3. 


■  Reliable  "  Flywheel  Pump. 
Fig.  4. 


The  "Reliable  "  Pumping  Engine  is  of  the 
horizontal  flywheel  bucket  type,  illustrated  in 
Fig.  4.  The  sizes  range  from  4"x2"x4"  up  to 
16"x9"xl2". 

Pumps  made  by  Messrs.  Frank  Pearn  and  Co.,  Ltd., 
of  West  Gorton,  Manchester. 


"Cameron"  Type  Pumps,  of  the  vertical  fly- 
wheel single-actinj  ram  type,  with  the  columns  ■ 
sujjporting  the  steam  cylinders  used  as  air  vessels, 
a.re  made  in  tlie  following  sizes  : — single  ram,  from 
4"x2"x3"  up  to  8r'x6"x8",  and  double  rain  from 
4"x2"x3"  up  to  18"  X 15"  X 15",  the  latter  type  in 
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'two  series  suitable  for  pressures  up  to  100  lb.  and 

160  lb.  i>er  eq.  iu.  resfjectively.  Tliere  is  also  a 
compound  seri<e6  for  the  latter  pres.sure  from 
3"  &  5"  X  2"  X  3"  up  to  7"  &  12"  x  6"  x  8" . 

The  "  Pearn  "  Pump. — This  pump  is  of  .similar 
type  to  the  above,  but  of  improved  construction. 
Fig.  6  shows  a  section  tlirough  the  double-acting 
single  ram   pump,   the  si>ecial  feature  of  which  is 


'  Manchester  "  Pump  by  Pearn. 
Fig.  5. 


A  similar  pump,  but  with  two  rams  quadmple- 
acting,  is  shown  in  Fig.  7,  and  this  pump  is  also 
made  iu  three  series  for  the  same  lieads  as  the 
above,  and  in  about  the  same  range  of  siz^js.  Any 
of  these  pumps  can  be  had  compounded.  Type  C 
is  suitable  for  boiler  feeding. 


'  Pearn,"  Quadruple-acting  Pump. 
Fig.  7. 


Duplex  Pump  by  Pearn. 

Fig.  8. 


"  Pearn 


Double-acting  Kam  Pump.  Section. 
Fig.  6. 


the  top  pump  chamber,  which  gives  the  advantages 
of  the  double-acting  ram  type  combined  with  great 
simplicity  and  ease  of  packing,  while  the  steam 
valve  gear  allows  tlie  steam  to  be  used  expansively. 
These  pumps  are  made  in  three  series  : — Type  A 
for  heads  up  to  60  ft.,  single  ram  from  3''x2''x2" 
up  to  14"xl3"xl2i°.  Type  B  for  heads  up  to 
120  ft.,  from  3''xlf''x2'  up  to  16" x  12" x  15",  and 
Type  C  for  heads  up  to  200  ft.,  from  3"xli"x2° 
up  to  20' X 12' x  15". 


Double  Ram  Belt-driven  Pump  by  Pearn. 
Fig.  9. 

Tlie  "  Pearn"  Duplex  Ram  Pump  represents  one 
of  the  best  dujjlex  pumps  on  the  market.  It  is 
suitable  for  heads  up  to  160  lb.  pressure,  and  is 
made  in  a  number  of  sizes  from  3"x2'x3'  up  to 
16"  X 12"  X 12". 

A  similar  pump,   but   with  loose   valve  boxes,  is 
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aleo  made,  and  a  third  series  with  separate  pump 
barrels  and  valve  boxes,  and  the  rams  actuated  by 
outside  rods,  as  shown  in  Fig.  8,  is  made  from 
5J"x3"x5"  up  to  16"  X 12"  X  12".  This  latter  series 
is  specially  designed  for  boiler  feeding,  and  may 
be  had  compounded.  The  "  Pearn  "  Vertical 
Duplex  Ram  Pump  is  made  in  sizes  from  3"  x  2"  x 4" 
up  to  12"x8"xlo". 


Pumps  made  by  Messrs.- Tangyes,  Ltd.,  of  Cornwall 

Works,  Birmingham. 

Tangyes'  "  Special  "  direct-acting  horizontal 
bucket  type  jjumps  are  provided  with  piston  valves 
operated  by  tappets  in  the  main  cylinder.  The 
water  valve  arrangements  are  of  many  different 
types  to  suit  different  conditions,  some  of  them 
being  illustrated  in  Fig.  11,  and  the  complete  pump 
in  Fig.  12. 


Treble  Ram  Motor-driven  Pump  by  Pearn. 
Fig.  10. 

Messrs.  Pearn  also  make  a  very  wide  range  of 
power-driven  pumps  arranged  for  'belt-dj-ive,  ^ther 
direct  or  through  gearing,  and  also  for  motor  drive 
through  double-reduction  gearing. 


Types  of  Valves  by  Tangyes. 

Fig.  11. 

They  are  suit^able  for  heads  up  to  300  ft.  and  can 
be  had  with  iron  or  brass  contact,  or  with  solid 
brass  water  ends,  in  numerous  sizes  from 
3"xlJ"x6"  up  to  24"  X 14"  X 36". 

Tangyes  "  Duplex  "  pumps  are  supplied  with  the 
following  standard  fittings,  cast  iron  buckets 
packed    with    leather,   gunmetal   removable    water 


"  Special  "   fcJteam  Pump  by   j-aiisyes. 
Fig.  12. 


They  have  from  one  to  three  rams,  and  are 
chiefly  of  the  single-acting  vertical  type,  though 
there  are  also  seiies  of  liorizontal  pumps,  and  one 
series  of  quadruple-acting  horizontal  pumps. 

Fig.  9  sliows  a  double  ram  pump  for  belt-drive, 
and  Fig.  10  a  treble  ram  pump  for  motor  drive. 


cylinder  liners,  steel  rods,  gunmetal  valves  and" 
seats.  They  can  also  be  had  with  brass  fittings, 
and  with  solid  brass  water  ends  and  Muntz  metal 
rods,  and  copper  or  gunmetal  air  vessel.  They  are 
made  in  a  number  of  sizes  from  6"x4"xl0"  up  to 
20"  X 14"  X 10". 
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The  Weir  Standard  Service  Pump,  made  by  Messrs. 
G.  and  J.  Weir,  Ltd.,  Cathcart,  Cllasgow. 

Tliese  pumps,  ^^-liicli  are  of  similar  type  to  the 
well-known  Weir  vertical  feed  pumps,  represent  the 
highest  possible  class  of  workmanship  and  material 
in  general  service  pumps.  The  water  cylinder  is 
gunmetal  lined,  or  can  be  had  in  solid  gunmetal. 
Tlie  pumiJ  rod  is  of  manganese  bronze.  The  valves 
and  seats  of  the  group  type  are  of  gunmetal.  Tliese 
pumps  are  suitable  for  heads  up  to  2C)8  ft.  and 
steam  pressures  up  to  200  lb.  per  sq.  in.  The  sizes 
range  from  4>"x5"xl2"  up  to  12i"  xl4"x24". 

Section    "  B." — Centrifugal    pumps. 

Messrs.  Escher  Wyss,  of  Ziirich,  make  several 
series  of  very  high-grade  Turbo-pumps  with  im- 
pellers and  guide  ^anes  of  special  bronze.  The 
double-How,  single  stage  type  is  suitable  for  heads 
of  from  65  to  135  ft.  and  the  smallest  size  is  3i" 
with  a  duty  of  6000  to  12,000  gallons  per  houx, 
with  speeds  from  2350  to  3S0O  r.p.m.  and  efficiency 
of  56%  to  60%.  The  efficiency  in  the  6-in.  size  is 
67%  to  70%  and  the  maximum  head  165  ft.  The 
single-flow  single  stage  tj"pe  is  suitable  for  heads  of 
65  to  135  ft.,  and  the  smallest  size  is  2|"  with  a 
duty  of  3600  to  6000  gallons  per  hour,  and  efficiency 
of  54%  to  57% . 

The  multi-stage,  single  flow  type  is  made  with 
2  to  8  stages  and  2|"  is  the  smallest  size,  with 
duties  varying  from  1200  to  4800  gallons  per  hour. 

Gwynnes'  "  Invincible  "  Centrifugal  Pumps,  made  by 
Messrs.  Gwynnes,  Ltd.,  Hammersmith  Iron  Works, 
London,  W.  6. 

The  standard  fittings  of  these  pumps  are  cast  iron 
casings  and  impellers,  and  steel  shafts,  but  they 
can  also  be  made  in  brass  or  gunmetal.  The  casings 
ai-e  attached  to  the  bed-plat^e  in  such  a  way  that 
they  can  be  swivelled  to  any  angle  in  a  vertical 
plane  to  suit  tlie  pipe  counectionB.  The  pumps 
are  made  for  direct  coupling  or  belt-drive,  ^^'hen 
required  they  can  be  fitted  mth  independent 
external  ring  oiling  bearings. 

The  low-lift  type,  suitable  for  heads  of  from 
10  ft.  to  90  ft.,  is  made  in  sizes  ranging  from  J" 
upwards,  the  duty  of  the  smallest  size  being  600 
gallons  per  hour. 

The  medium  lift  type  is  suitable  for  heads  of 
from  30  ft.  to  90  ft.,  and  is  made  in  sizes  of  2" 
upwards.  The  efficiency  of  this  type  is  rather 
better  than  that  of  the  low-lift  type. 

Multi-stage  pumps  are  also  made  in  various 
types. 

Messrs.  Mather  and  Piatt,  Ltd.,  of  Park  Works, 
Manchester,  make  an  excellent  ra-nge  of  centrifugal 
and  turbine  pumps  from  2"  upwards,  but  they  do 
not  make  pumps  for  gritty  liquors.  Messrs.  Ruston 
and  Hornsby,  Ltd.,  of  46,  Queen  Victoria  Street, 
London,  E.C.  4,  also  make  a  good  range  of  centri- 
fugal pumps  from  3"  upwards. 

The  "  Sirius  "  Centrifugal  Pump,  made  by  Messrs. 
Holden  and  Brooke,  Ltd.,  Sirius  Works,  AVest 
Gorton,  Manchester. 

These  pumps  are  made  of  the  single  stage  and 
two  fitage  types  for  direct  coupling  or  belt  drive. 
The  casings  are  of  cast  iron  with  gunmetal  im- 
pellers up  to  5",  and  cast  iron  in  larger  sizes.  Tlie 
smallest  size  single  stage  is  1"  with  a  duty  of  300 
to  1200  gallons  per  hour,  for  heads  of  from  20  ft. 
to  50  ft.  The  two  stage  is  made  in  sizes  from 
IJ"  upwards  for  heads  of  from  40  ft.  to  100  ft.  The 
suction  inlet  is  arranged  axiaUy. 

PART  II. 

Section  "  A." — Pumps  for  gritty   liquids. 

Subsection   1. — Reciprocating    pumps. 

The    most    suitable   reciprocating    pumps,    other 

than   diaphragm,    for   handling   gritty  liquids   are 

those   of   the   outside   packed   ram   type,    since    in 


these  the  plunger  does  not  touch  the  cylinder  and 
only  rubs  against  the  soft  packing  in  the  stuffing 
boxes. 

Messrs.   Joseph   Evans   and   Sons,    Ltd.,   of   Culwell 

Works,  Wolverluimi)ton,  supply  their  "  Cornish  " 
pump  in  the  outside  packed,  horizontal,  double- 
acting  ram  type  in  sizes  from  5"x3"xl2"  up  to 
10"x8"xl2".  They  are  suitable  for  heads  up  to 
300  ft.  and  can,  if  required,  be  fitted  with  gun- 
metal cased  rams  and  gunmetal  glands. 

This  firm  also  make  outside  packed  ram  double- 
acting  duplex  pumps  in  sizes  from  6"x3"xl2"  up 
to  24"  X 14"  X 12".  Gunmetal  or  brass  fittings  can  be 
supplied.  Some  of  the  larger  sizes  can  also  be 
supplied  with  the  steam  cylinders  compounded. 

The  "  Reliable  "  pump,  horizontal  type,  with 
crank  and  flywheel,  and  outside  packed  rams,  is 
made  in  sizes  from  5"x3"x6"  up  to  24"  x  14"  x  24". 
This  is  a  strong  pump  suitable  for  high  lifts.  The 
water  end  can  be  had   gunmetal  ca-sed.  ~ 

Messrs.  Evans'  "  Ram  "  pump,  of  the  vertical 
single-acting  type  with  crank  and  flywheel  is  a 
favourite  in  chemical  works.  It  is  made  in  sizes 
from  4"x2"x4"  up  to  16"  x  14"  x  10".  Most  of  the 
sizes  are  also  suitable  for  boiler  feeding. 


Compound  Ram  Pump  by  Evans. 
Fig.  13. 

A  similar  type,  but  with  two  cylinders  with  the 
flvwheel  between  them  is  ■  made  in  sizes  from 
4"x2"x4"  up  to  24"  X  18"  X  12",  and  it  can  also  be 
had  with  steam  cylinders  compounded.  Fig.  13 
shows  the  arrangement  of  this  pump.  Messrs. 
lOvans  also  make  a  vertical  treble-ram  pump  in  two 
sizes  suitable  for  heads  u))  to  30O  ft.  and  600  ft. 
respectively  and  fitted  with  either  single  or  double 
reduction  for  belt  drive  or  direct  coupling.  The 
sizes  range  from  3"x6"  up  to  10"xl2",  and  Fig.  14 
shows  the  general  arrangement. 

A  very  similar  pump,  treble  ram,  but  horizontal, 
is  made  in  sizes  from  3"x9"  up  to  9"xl2". 

Tangyes'  outside  packed  ram  pumps,  made  by 
Messrs.  Tangyes,  Ltd.,  of  Cornwall  Works,  Bir- 
mingham. 


> 
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The    "Special"   direct   acting  horizontal   pump 

is  suitable  for  heads  up  to  450  ft.  and  steam  pres- 
sures up  to  100  lbs.  per  sq.  in.  The  ram  may  be 
of  iron  or  brass,  and  the  rod  of  steel  or  Muntz  metal 
and  the  water  end  of  iron  or  brass.  It  is  made  in 
sizes  from  6"x3"xl2"  up  to  14"x6"xl2". 


Treble  Ram  Power  Pump  by  Evans. 
Fig.  14. 

The  "Special  Centre-packed  type"  is  a  similar 
pump  but  of  extra  strong  construction  for  heads  up 
to  600  ft.,  and  the  valve  boxes  are  outside,  as  shown 
in  Fig.  1.5.  It  can  be  obtained  in  the  same  materials 
as  the  above  pump  and  in  sizes  from  12''x7''x24" 
up  to  30"  X 12°  X 24". 


Mine  Type  Earn  Pump  by  Tangyes. 

Fig.  15. 

The  "  Duplex  Mine  Pump  '"  is  similar  to  the 
above  at  the  water  end,  but  with  two  cvlinders 
working  on  the  dujdex  svstem.  The  sizes  range 
from  18"  X  7"  x  1.5"  to  26"  x  12"  x  18". 

Most  of  the  above  pumps  can  be  fitted  with 
condensers,  and  have  the  steam  cvlinders  com- 
pounded in  the  case  of  the  duplex  tvpe. 

Tangyes  Duplex  Ballast  Pump  is"  a  lighter  tvpe 
suitable  for  heads  up  to  80  ft.  The  standard 
fittings  are  gunmetal  buckets  with  gunmetal  rings, 
Muntz  metal  rods,  gunmetal  water  cylinder  liners, 


mdiarubber  valves  on  gunmetal  seats  with  brass 
springs.  They  can  also  be  had  with  brass  valves, 
or  all  brass  water  ends.  The  sizes  rancre  from 
4i"x3i"x4"  up  to  10" x  10" X 10". 

Any  of  the  Taugye  pumps  can  be  had  with  extra 
I    long  distance  for  dealing  with  chemical  liquors. 

The  Premier  Diaphragm  Pump,  made  for  the 
Premier  Filter  Press  Co.,  Ltd.,  of  Finsburv  Pave- 
ment House,  London,  E.C.  2. 

These  pumps,  wliich  are  of  the  vertical  type,  belt 
driven  through  spur  reduction  gear,  are  particu- 
larly suited  for  handling  gritty  liquors.  Fig.  16 
shows  a  section  through  the  pump.  The  plunger 
works  in'  water  aud  the  diaphragm  is  made^of 
rubber  from  §"  to  i"  thick,  and  rubber-coated  ball 
valves  are  provided. 

Fig.  17  illustrates  a  two-throw  pump,  and  shows 
the  sound  engineering  character  of  the  design. 

The  valve  boxes  are  easily  accessible,  air  vessels 
are  provided,  and  also  a  relief  valve  with  sliding 
!  weight  on  the  delivery  pipe.  This  is  very  useful 
when  using  the  pump  for  filling  filter  presses,  as 
the  filling  pressure  can  be  adjusted  to  suit  require- 
ments and  the  pump  can  be  run  at  constant  speed, 
the  iurj5lus  liquor  not  taken  by  the  press  being 
I  returned  to  the  suction  tank  through  the  relief 
j   valves. 

These  pumps  are  made  in  five  sizes,  single-throw 
type  ranging  from  280  to  103-5  gallons  per  hour; 
in  two  sizes  two-throw  type,  giving  roughly  2000  to 
3000  gallons  per  hour  respectively;  and  "in  three 
sizes  three-throw,  giving  slightly  larger  duties. 
There  is  also  a  small  hand-power  tvpe  giving  38 
gallons  per  hour. 

These  pumps  are  not  suitable  for  Liquors  at 
temperatures  above  55°  C,  on  account  of  the  rubber 
diaphragm . 

Subsection  2. — Rotary  pumps. 

Messrs.  G  Wynnes,  Ltd.,  of  Hammersmith  Iron 
Works,  London,  W.  6,  make  a  special  feature  of 
centrifugal  pumps  for  dealing  with  liquids  contain- 
ing solids  in  suspension,  from  fine  slimes  and  paper 
pulp  liquors  up  to  liquors  containing  large  pieces 
of  solid. 

An  open  type  of  imjieller  is  used,  such  as  that 
shown  in  Fig.  18,  which  has  two  advantages  for  this 
class  of  work.  First,  the  blades  of  the  impeller 
have  a  shearing  action  and  cut  their  way  through 
the  solids,  automatically  clearing  away  any 
obstructions,  and,  second,  there  is  no  narrow  joint 
surface  between  the  impeller  and  the  casing  near 
the  hub  such  as  exists  in  pumps  with  the  enclosed 
impeller,  and  upon  the  tightness  of  which  the  free- 
dom of  leakage  between  the  delivery  and  suction 
sides  depends.  The  open  impeller  has  a  very  small 
clearance  from  the  casing  all  over  the  sides,  "and,  in 
the  case  of  pumps  for  gritty  liquors,  the  interior 
of  the  casing  is  lined  with  easily  renewable  wearing 
pieces,  made  of  a  softer  material  than  the  impeller. 
so  that  the  wear  conies  chiefly  on  these  pieces  and 
not  on  tile  impeller,  which  ii?  made  of  chilled  cast 
iron  or  of  cast  steel.  Fig.  19  illustrates  a  gritty 
water  tyjie  pump. 

Messrs.  Gwynnes  claim  that  the  eflSciency  of  these 
open  impellers  is  fully  equal  to  that  of  the  closed 
type  as  far  as  pumping  clear  liquid  is  concerned, 
but  naturally  the  grinding  action  of  the  solids  in 
gritty  liquids  introduces  a  certain  amomnt  of  extra 
friction. 

This  firm's  Gravel  type  pump  is  really  a  wonderful 
pump,  for  it  will  pass  any  piece  of  solid  which  can 
enter  the  suction  pipe.  For  instance,  a  4"  pump 
will  pass  stones  3|"x6"  long.  To  attain  this  result 
the  arms  of  the  impeller  are  few  in  number,  gener- 
ally 4,  and  unconnected  by  a  central  web  except 
near  the  centre.  The  suction  is  axial,  so  that  the 
solids  come  against  the  impeller  without  shock.    The 


WEST.— PUMPING  MACHINERY  FOR  GHEMICAL  WORKS. 


59 


Premier  Diaphragm  Pump,  Section. 
Fig.  16. 


Premier  Two-throw  Pump. 
Fio.  17. 


Open  Type  Impeller,  by  Gwynnes. 

Fig.  18. 
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Centrifugal  Pump  (or  Gritty  Water  by  Gwynnea. 

Fig.  19. 


"  Beliable  "  Pump  for  Thick  Liquids  by  Evans. 
Fig.  20. 


whole  of  the  casing  is  lined  with  renewable  plates. 
These  various  types  of  pumps  can  be  obtained  in 
sizes  down  to  2". 

The  "  Squeegee  "  Pump,  fully  described  in  another 
paper  in  this  volume,  is  very  suitable  for  dealing 
with  gritty  liquids. 

The  Frenier  Pump,  though  not  much  used  in  this 
country,  should  be  mentioned  as  being  very  suitable 
for  dealing  with  sludges.  It  is  of  the  spiral  scoop- 
wheel  type. 


Section 


-Pumps  for  thick  viscous  liquids. 


The  chief   diflSeulty   in   the   pumping  of  viscous 
liquids,  greases  and  so  forth,  lies  in  the  operation 


of  the  pump  valves,  which  should  be  mechanically 
opened  and  closed,  and  not  dependent  upon  springs 
or  pressure  of  the  liquid. 

Messrs.  Joseph  Evans  and  Sons,  Ltd.,  of  Wolver- 
hampton, make  a  special  "  Reliaiile "  reversible 
pump  of  the  horizontal  bucket  type;  with  crank 
and  flywheel.  Fig.  20  illustrates  this  pump,  which 
is  made  in  sizes  from  4"x2"x4"  up  to  16"  x  8^x12", 
steam  driven,  and  also  arranged  for  belt-drive. 

Tlie  steam  valve  is  the  ordinary  slide  valve 
worked  from  an  eccentric  on  the  crank  shaft. 

The  liquor  valve  is  a  single  piston  valve  ako 
operated  mechanically  by  an  eccentric,  as  shown  in 
Fig.    21,    and    is  suitable    for   use   with  cold   tar, 


WEST.— PUMPING  MACHINERY  FOR  CHEMICAL  WORKS. 


ei 


treacle,  varnisli,  glue,  etc.  Air  vessels  are  provided 
<m  both  suction  and  delivery.  Copper  air  vessels 
and  trunmetal  working  parts  can  also  be  supplied. 

The  "  Drum  Pump,"  made  by  the  Drum  Engineer- 
ing Co.,  Ltd.,  of  28,  Humboldt  Street,  Bradford, 
is  of  the  rotary  piston  type.  Fig.  22  shows  a 
nection  through  tlie  pump,  the  lower  rotating 
member  being  the  piston,  and  the  upper  slotted 
drum  acting  as  a  valve.  This  pump  is  suitable  for 
any  non-corrosive  liquid,  and  particularly  for  oilsj 
jellies,  varni-shes  and   other  semi-fluids,    and  it   is 


'  Reliable,"    Section    of   Piston    Valve. 
Fig.  21. 


Drum   Positive  Rotary  Pnmp,    Section. 
Fig.  22. 


E.G.  4,  and  fully  described  elsewhere  in  this 
volume,  is  also  suitable  for  thick  liquids.  It  can 
be  made  in  any  metal  and  is  obtainable  in  the  fol- 
lowing sizes :  — 


Size. 

Normal 

Total  head 

Capacity. 

speed. 

in  feet. 

Galls,  per  hour. 

In. 

} 

1250 

100 

350 

1 

1250 

100 

700 

If 

1000 

100 

1000 

IJ 

1000 

100 

2000 

950 

120 

4500 

3 

950 

120 

9000 

4 

720 

150 

13.000 

The  Douglas  Positive  Rotary  Pump  can  be  used 
successfully  for  thick  liquids,  but  since  the  prin- 
cipal application  of  this  pump  is  for  acid  work  it 
will  be  described  under  Part  III. 


PART  III. 

Apparatus  for  pumping  corrosive   acids. 

Section  "  A." — Reciprocating  pumps. 

Bailey's  Regulus  Metal  Acid  Pumps,  single  acting . 
vertical  ram  type,  made  by  W.  H.  Bailey  and  Co., 
Albion  Worksj  Salford,  Manchester.  One  form  of 
this  pump,  which  is  shown  in  Fig.  24,  is  mounted 
on  a  standard,  with  steam  cylinder,  crank  and 
flywheel,  and  is  made  in  the  following  sizes  :  — • 


Stroke. 


Steam  cyl. 


9  in. 


Liquor  cyl. 


3.3i.4 
6.8 


P.S.— 37i 


This  type  is  also  arranged  on  a  standard  for  belt 
driving  with  36"  flywheel  in  the  same  sizes. 

A  similar  pump  but  arranged  for  bolting  to  a  wall 
is  made  in  the  following  sizes,  both  with  steam 
cylinder  and  flywheel  and  for  belt  drive. 


Drum  Positive  Motor-driven  Pump. 

Fig.  23. 


made  in  seven  sizes  from  6-50  to  24,000  gallons  per 
hour,  either  for  belt-drive  or  direct  coupling. 
Fig.  23  shows  a  motor-driven  pump. 

The   "  Squeegee  "    Pump,    made   by   the   Avamore 
Engineering   Co.,   of   179,   Queen  Victoria  Street, 


Stroke. 

Steam  cyl. 

Liquor  cyl. 

4i 

2i                         li 
4                        2.3.4 

P.S.— 37} 
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Begulus  Metal  Pump  by  Bailey. 
Fig.  24. 


Pump  for  Hydrochloric 
Fig.  2.3 


Acid  by  Bailey. 


Leqende 


POMPE  VFRTICALE 


^^■'^i^gm^^^^^^^^if^_;^'*ff**'S^^¥^ii^ 


The  Ferraris  Pump,  Section 
FiQ.  26. 


WEST.— PUMPING  MACHINERY  FOR  CHEMICAL  WORKS. 


63 


A  similar  pump,  but  m.ide  of  special  nhito  metal, 
for  hydrochloric  acid  .is  obtainable  mounted  on  a 
standard  with  crank,  flywheel  and  steam  cylinder, 
or  for  belt  drive,  in  the  following  sizes:  — 


Stroke. 


Steam  cyl.  Liquor  cyl. 


3.3J.4 


P.S.— 22J 


Fig.  2-5  shows  the  construction  of  this  pump. 

Doulton's  Stoneware  Ram  Pump,  made  by 
Me.ssri=.  Doulton  and  Co..  Lanil>eth  Pottery,  Lon- 
don, S.E.  1.  This  pump  is  supplied  mounted  on  ;i 
framework  with  crank,   spur  reduction  gear,   and 


The  pump  works  at  9  strokes  per  min.,  and 
delivt5rs  6  tons  of  acid  per  hour,  with  a  consumption 
of  I  h.p.  when  lifting  33  ft.,  this  representing  an 
efficiency  of  about  22%.  Another  type  is  being 
developed  which  will  handle  8  tons  of  acid  per 
hour.     Fig.  27  shows  a  general  view  of  the  pump. 

The  oil  used  is  a  heavy  mineral  oil,  and  the  only 
limitation  of  this  pump's  sphere  of  usefulness  lies 
in  finding  suitable  oils  to  resist  the  action  of 
various  acids.  So  far  it  has  been  used  cliiefly  for 
sulphuric  and  hydrofluoric  acids,  and  it  is  not  suit- 
able for  nitric  acid. 

These  pumi)t3  are  very  largely  used  in  Italy,  one 
firm  having  110  in  use,  another  52,  another  20,  and 
so   on;    and    they    have    also    found    considerable 


The  Ferraris  Pump.  General  View. 
Fig.  27. 


fast  and  loose  pulleys.  The  ram  is  4",  the  stroke 
12',  the  P.S.  40,  and  the  jiump  is  suitable  for  heads 
up  to  30  ft. 

The  Ferraris  Acid  Pump. — This  pump,  which  is 
of  Italian  origin,  is  of  the  vertical  plunger,  dia- 
phragm type,  but  instead  of  using  a  diaphragm  of 
rubber  a  column  of  oil  is  used  to  transmit  motion 
from  the  plunger  to  the  acid. 

Fig.  26  shows  the  arrangement  in  section.  The 
parts  in  contact  with  the  acid  are  usually  made  of 
regulus  metal,  but  they  can  equally  well  be  made  of 
any  other  material  suitable  for  this  construction. 


favour  in  France,  and  to  some  extent  in  this 
country.  Several  Italian  firms  state  that  they  have 
had  them  in  constant  use  for  five  years  without 
changing  the  oil  or  having  to  effect  aiiy  repair. 

The  India  Rubber,  Gutta  Percha  and  Telegraph 
M'orks  Co.,  Ltd.,  of  100-102,  Cannon  Street, 
London,  E.G.  4,  make  ebonite  pumps  of  both 
bucket  and  ram  types,  including  single-acting 
vertical  and  double-acting  horizontal  series.  Fig. 
28  shows  the  front  au3  end  views  of  one  of  the 
double-acting  pumps.  Tlie  sizes  made  range  from 
2''x6"  up    to   6"xl0',   with    a    speed   of    25  to  30 
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Ebonite  Double-acting  Pump. 
Fig.  28. 


strokes  per  min.  The  valv«6  are  of  either  the  wing 
type  or  the  ball  type.  These  pumps  are  suitable 
for  heads  up  to  200  ft,,  and  they  can  be  supplied 
with  rod  only  for  coupling  to  the  user's  pump  gear, 
or  complete  for  belt-drive,  steam-drive,  or  motor. 

Larger  sizes  made  in  cast  iron,  ebonite  covered, 
can  be  made  to  order. 

The  "  Kestner  "  Acid  Pump. — This  most  interest- 
ing pump,  which  will  shortly  be  placed  dn  the 
English  market  by  the  Kestner  Evaporator  and 
Engineering  Co..  Ltd.,  was  developed  by  Mr.  Paul 
Kestner  shortly  before  the  outbreak  of  war,  and 
subsequent  work  upon  it  was  delayed  by  the 
German  capture  of  Lille,  so  that  the  following  de- 
scription is  the  first  to  be  published  in  this  country. 

The  pump  is  of  the  vertical  ram  type,  as  shown  in 
Figs.  29  and  30,  which  show  the  sectional  and  ex- 
ternal views  respectively,  and  is  made  of  ferro- 
silicon.  The  outstanding  feature  is  the  entire 
absence  of  any  stuffing  box.  the  ram  being  made 
with  an  exceedingly  fine  clearance  in  the  long  neck 
of  the  cylinder.  The  leakage  of  acid  past  the  ram 
only  amounts  to  a  drop  or  two  per  minute,  and  this 
small  quantity,  which  remains  quite  constant  even 
after  long  use.  is  returned  to  the  suction.  As  a 
result  of  their  being  no  stuffing-box  and  of  the  ram 
being  lubricated  by  the  acid,  the  efficiency  of  this 
pump  is  exceedingly  high,  namely  70'^  or  slightly 
over,  a  figure  which  is  not  attained  in  any  other 
type  of  pump  with  the  exception  of  centrifugal 
pumps  of  large  capacity. 

The  "  Kestner  "  pump  is  made  with  two  cylinders 
4i'  diameter  by  6"  stroke,  and  works  at  a  piston 
speed  of  50  ft.  per  second. 

Varley's  Narki  Metal  Ram  Pump,  made  by  John 
Varley  and  Co.,  Ltd..  "Waterloo  and  Atlas"  Foun- 
dries, St.  Helens,  Lanes.  This  pump,  which  is  of 
the  two-cylinder,  horizontal  type  for  belt-driving 
through  reduction  gear,  has  rams  3|"  diameter  bv 
7'  stroke,  and  will  raise  2200  gallons  per  hour  to  "a 
height  of  210  ft.,  working  at  6-5  strokes  per  minute. 


Kestner  Acid  Pump,  Section. 
Fig.  29. 


Section   "  B." — Rotary  pumps  for  corrosive  acids. 

The  Douglas  Concentric  Positive  Action  Rotary 
Pump,  made  by  Messrs.  AVilliam  Douglas  and  Sons, 
Ltd.,  Douglas  Wharf,  Putney,  London,  S.W.  15. 
This  pump,  the  construction  of  which  is  shown  in 
Fig.  31,  is  made  chiefly  in  cast-iron  and  gunmetal, 
but  it  can  also  be  obtained  in  aluminium  for  special 
purposes.  The  crescent-shaped  piece  on  the  cover 
fits  the  slotted  drum  accurately,  and  the  liquor  is 
moved  from  the  inlet  side  to  the  outlet  side  by  the 
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Kestner  Acid  Pump  (General  View). 
Fig.  30. 

three  propeller  pins  carried  on  a  iliso  attaelied  to 
the  shaft.  The  slotted  drum,  which  serves  as  a  stop 
to  separate  the  iulet  and  outlet,  is  driven  by  the 
pins.  There  are  no  valves,  and  the  pump  is  re- 
versible.    It  is  made  in  the  following  sizes  :  — 


be  supplied  coupled  direct  to  slow  speed  steam 
engines,  or  with  fast  and  loose  pulleys  for  belt 
drive. 

"Ceratherm"  Centrifugal  Pumps,  made  by 
Guthrie  and  Co.,  Accrington.  These  pumps,  which 
are  made  of  special  high  tensile  Ceratherm  stone- 
ware, are  fully  described  elsewhere  in  this  volume. 

The  Marclen  Centrifugal  Pump,  made  by  Messrs. 
Marclen  Pumps,  Ltd.,  25,  Victoria  Street,  London, 
S.W.  1.  These  pumps  are  of  the  vertical  spindlo 
glandless  drowned  type,  and  are  usually  made  of 
reguhis  metal  in  the  following  sizes :  — 


Size. 

Galls,  per  Iir. 

Single  stage. 

Two  stage. 

Inches. 

40' head. 

75'  head. 

Efficiency. 

Efficiency. 

800 

16% 

17% 

1 

1.200 

19% 

23% 

1.600 

20% 

24% 

2,000 

22% 

25% 

2,300 

23% 

23% 

2 

2,900 

25-5% 

27% 

3.300 

27% 

28% 

The  speed  in  all  cases  is  1420  r.p.m.       They  are 
fully  described  in  another  paper  in  this  volume. 
Varley's  Narki  Metal  "  Romnie  "  Centrifugal  Pump, 

Fig.  33,  made  by  .Tolin  Varley  and  Co.,  Ltd., 
Waterloo  and  Atlas  Foundries,  St.  Helens,  Lanes. 
These  pumps,  all  parts  of  which  coming  in  contact 
with  acid  are  made  of  Narki  metal,  arc  fitted  with 
external  ball  journal  and  thrust  bearings  and  extra 
large  stuffing  box.  The  suction  is  arranged  axially. 
They  are  made  in  two  sizes,  one  capable  of  lifting 
20  tons  of  acid  per  hour  40  ft.  at  2500  r.p.m.,  and 
the  other  40  tons  per  hour  40  ft.  at  1500  r.p.m.  Fig. 
31  shows  one  of  these  pumps. 

Gwynnes'  2"  Regulus  Metal  Centrifugal  Pump  is 
illustrated  in  Fig.  .34. 

The  "  Ironac  "  Centrifugal  Pumps,  made  by 
Messrs.  Haughton's,  Ltd.,  are  described  elsewhere 
in  this  volume. 


The  Douglas  Pump,  Interna!  Construction. 

Fig.  31. 


Size. 

Galls,  per  hr. 

Speed,  r.p.m. 

i 

70 

120 

i 

230 

120 

1 

300 

120 

li 

750 

100 

2 

2.100 

100 

3 

5,000 

70 

4 

8,200 

CO 

5 

19.750 

60 

Fig.  32  shows  a  pump  couijled  to  an  electric  motor 
through  double  reduction  gearing.     They  can  also 


PART  IV. 

Pumping  by  compressed  air. 

Compressed  air  is  used  for  pumping  in  two  ways, 
either  in  blow-eggs,  either  plain  or  automatic,  or  in 
air  lifts. 

Section  "  A." — Eggs  or  elevators. 

The  ordinary  egg  requires  no  special  description, 
as  it  consists  simply  of  a  vessel  of  any  convenient 
shape  provided  with  an  inlet  pipe  for  the  liquid  con- 
trolled by  a  valve,  a  discharge  pipe  continued  down 
to  the  lowest  point  in  the  vessel,  and  a  compressed 
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The  Douglas  Motor-driven  Pomp. 

Fig.  32. 


Narki  Metal  Centrifugal  Pump. 
Fio.  33. 
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air  supply  pipe.  A  useful  point,  however,  that  is 
often  overlooked  is  that  for  eggs  handling  liquids 
containing  solids  in  suspension  it  is  a  good  plan  to 
introduce  the  air  through  a  perforated  pipe  at  the 
hottom  of  the  vessel,  instead  of  at  the  top  of  the 
vessel,  as  is  usually  done,  thus  keeping  the  liquid 
agitated  and  preventing  the  accumulation  of  solids  . 


equilibrium  will  be  maintained,  provided  the  air 
supply  pressure  remains  constant  until  the  egg  is 
empty,  with  the  exception  of  a  slight  decrease  in 
the  static  head  owing  to  the  lowering  of  the  liquid 
level  in  the  egg,  the  depth  of  liquid  in  the  egg  of 
course  balancing  a  corresponding  column  in  the  dis- 
charge pipe. 


Regulua  Metal  Centrifugal  Pump  by  Owynnes. 
Fig.  34. 


The  efficiency  of  eggs  and  automatic  elevators  is 
a  subject  upon  which  little  or  no  information  based 
on  actual  tests  is  available,  and  it  will  be  of  interest 
therefore  to  consider  how  much  compressed  air  is 
required  for  a  given  pumping  duty  and  what  that 
air  represents  in  foot  pounds  of  work  put  into  the 
compressor,  or,  in  other  words,  the  overall  efficiency 
of  the  system. 

We  will  consider  first  an  automatic  elevator, 
where  the  compressed  air  is  admitted  by  a  float  or 
other  mechanism  as  soon  as  the  liquid  reaches  a 
certain  level  in  the  egg.  As  soon  as  air  is  admitted 
pressure  begins  to  build  up  and  the  liquid  begins  to 
rise  in  the  delivery  pipe,  going  on  until  it  begins  to 
flow  out  from  the  discharge  top  of  the  pipe.  The 
rate  at  which  the  air  pressure  builds  up  will  depend 
upon  the  size  of  the  air  inlet,  but  the  airspace 
above  the  liquid  being  very  small,  it  i.s  safe  to 
assume,  unless  a  reducing  valve  or  regulator  is 
used,  that  in  most  cases  it  will  reach  the  full  pres- 
sure in  the  air  main  almost  instantaneously  and 
the  column  of  liquid  in  the  discharge  pipe  will  have 
been  accelerated  up  to  the  maximum  velocity  cor- 
responding to  the  air  pressure  used  by  the  time  the 
liquid  reaches  the  top  of  the  discharge  pipe.  In 
any  event  equilibrium  will  very  quickly  be  attained 
at  a  velocity  such  that  the  "  static  "  head  plus  the 
friction  head  equals  the  air  pressure. 

For  instance,  if  water  is  being  blown  through  a 
straight  vertical  3"  cast-iron  pipe  60  ft.  long,  the 
static  head  is  26  lb.  per  sq.  in.,  and  if  the  air 
pressure  were  only  26  lb.  per  sq.  in.  it  would  just 
raise  the  water  to  the  top  of  the  discharge  pipe 
without  causing  any  delivery,  while  from  the  tabic 
of  friction  heads  in  the  Appendix  we  see  that  an 
additional  air  pressure  will  cause  a  flow  at  the  fol- 
lowing velocities :  — 


Air  pressure  in  excess  of 
26  n>.  iK-r  sq.  in. 


T 


Velocity  of  flow. 
Feet  per  second. 


0-3 

o 

1-1 

4 

4-3 

8 

15-6 

16 

Thus  if  the  air  supply  is  at  a  pressure  of  40  lb. 
per  sq.  in.  the  water  will  flow  out  with  a  velocity 
of    about   15  ft.    per  second.       This    condition    of 


In  automatic  elevators  where  the  air  supply  valve 
is  gradually  closed  by  a  float  which  falls  with  the 
liquid  a  certain  amount  of  wire  drawing  takes 
place,  and  the  final  air  pressure  may  not  be  greater 
than  that  required  to  discharge  the  liquid  with  a 
moderate  velocity — in  fact,  in  some  elevators,  such 
as  the  Kestner,  a  regulator  is  provided  to  ensure 
this — but  in  any  event  the  minimum  amount  of  air 
used  will  be  equal  to  the  volume  of  the  egg  at  a 
pressure  corresponding  to  the  dynamic  head,  and 
it  may  be  equal  to  the  volume  of  the  egg  at  the 
supply  pressure. 

In  the  case  of  hand-operated  eggs,  under  the  best 
conditions,  where  the  workman  stands  with  his 
hand  on  the  air-control  valve  and  his  ear  against 
the  discharge  pipe,  he  is  able  to  shut  off  the  air 
immediately  he  hears  the  last  of  the  liquid  leave 
the  egg,  and  he  probably  uses  no  more  air  than  an 
automatic  elevator,  but  if  the  man  is  careless,  and 
does  not  shut  off  the  air  at  the  proper  moment,  the 
waste  of  air  may  be  very  considerable,  as  will  also 
be  the  case  if  the  egg  is  not  filled  right  up  with 
liquid. 

In  comparing  hand-operated  eggs  with  automatic 
elevators  it  must  bo  remembered  that  the  former  are 
usually  much  larger  than  the  latter,  being  often  of 
500  up  to  several  thousand  gallons  capacity,  as 
against  3  to  20.  or  sometimes  100  gallons  in  the 
latter,  and  the  advantage  in  air  economy  is  all  in 
favour  of  one  big  blow  instead  of  numerous  small 
ones,  since  it  is  at  the  end  of  the  blow  that  wastage 
occurs,  and  also  the  air  clearance  at  the  top  of  a 
large  egg  can  be  made  proportionat€l.v  less  than  in  a 
small  one. 

There  is,  of  course,  no  reason  whatever  why  auto- 
matic elevator  mechanism  should  not  be  applied  to 
large  eggs,  but  actually  it  is  not  often  done.  On 
the  other  hand,  where  a  more  continuous  supply  is 
required,  as  in  the  case  of  acid  supply  to  towers, 
the  use  of  small  eggs  operating  frequently  is  neces- 
sary. 

Great  care  should  be  taken  in  the  arrangement  of 
the  discharge  pipes  from  eggs  and  elevators  to  see 
that  they  are  as  nearly  vertical  as  possible;  other- 
wise at  the  end  of  the  blow  the  air  may  break 
through  the  column  of  liquid  and  escape  along  the 
upper  side  of  the  pipe. 

The  necessity  of  reducing  the  clearance  or  air- 
space at  the  top  of  an  egg    or    elevator  will  be 
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evident,  since  it  represents  so  much  wasted  air,  but 
it  is  a  point  often  overlooked  by  designers. 

Curves  are  given  on  tlie  enclosed  sheet  showing 
the  number  of  cubic  feet  of  free  air  which  can  lie 
compressed  to  various  pressures  bj'  one  borse-pon  cr- 
hour  at  various  compressor  efficiencies  for  singlc- 
.stage  compression.  A  curve  is  also  given  for  two- 
stage  compression  at  100%  or  theoretical  efficiency 
to  show  the  saving  effected  by  two-stage  working  at 
the  higher  pressures. 

Another  curve  shows  the  amount  of  free  air  re- 
quired to  blow  1000  gallons  at  various  pressures, 
this  amount  being  equal  to  the  volume  of  1000 
gallons  when  the  air  is  at  the  given  pressure,  that  is 
to  say  assuming  the  volumetric  efficiency  of  the  egg 
to  be  100%,  or  the  air  clearance  nil. 

Finally,  curves  are  given  showing  the  efficiency 
of  eggs  when  the  combined  compressor  efficiency  and 
volumetric  egg  efficiency  is  100%  ,  and  also  when  this 
figure  is  80% . 

As  an  example  of  the  use  of  these  curves,  assume 
that  liquid  is  being  blown  against  a  total  dynamic 
head  of  70  ft.,  the  air  clearance  of  the  egg  being 
5%  of  the  total  volume  of  the  egg  so  that  the  volu- 
metric efficiency  is  95%  and  the  compressor 
efficiency  84'2%,  which  gives  a  combined  efficiency 
of  80% ,  then  it  can  be  seen  from  the  curves  that  the 
head  of  70  ft.  corresponds  to  a  pressure  of  just  over 
30  lb.  per  sq.  in.,  and  that  at  this  pressure  tlie 
volume  of  air  required  will  be  490  cubic  feet  for 
1000  gallons,  while  the  air  which  is  compressed  to 
this  pressure  by  one  borse-powcr-hour  is  590  cubic 
feet,  so  that  490  cubic  feet  will  re(|uire  0'83  h.-p. 
hour,  but  the  actual  work  done  in  raising  1000 
gallons  70  ft.  is  0'35  h.-p.  liour,  so  the  efficiency  is 
about  42  % . 

In  actual  practice  with  hand-operated  eggs  the 
air  will  generally  be  at  supply  pressure  when  it  is 
shut  off,  and  this  will  mean  a  greater  consumption 
of  free  air  than  is  given  by  the  curve,  which  re- 
presents the  minimum  consumption  attainable  by 
this  system. 

As  might  be  expected,  the  efficiency  of  blow  eggs 
decreases  with  increasing  pressure,  owing  to  the 
greater  amount  of  energy  contained  in  the  air  left 
in  the  egg  at  higher  pressures. 

Eggs  can  be  obtained  in  many  materials.  There 
is  no  need  to  describe  those  made  of  steel  or  cast 
iron,  but  the  homogeneous  lead  lining  of  steel  eggs 
is  a  comparative!}'  new  industry  in  this  country,  and 
affords  a  very  convenient  type  of  egg  for  weak  sul- 
phuric acid  or  other  corrosive  liquids  which  do  not 
attack  lead.  Steel  vessels  can  now  be  lined  with 
lead  homogeneously  by  the  Deptford  Steel  and 
Iron  AVorks.  Ltd.,  of  44,  Kingsway,  London,  W.C., 
up  to  practically  any  size,  and  the  lead  is  put  out  in 
such  a  way  that  not  only  will  the  vessels  stand  any 
pressure  that  the  steel  is  capable  of  resisting,  but 
also  vacuum,  so  that  these  vessels  can  be  used  as 
vacuum  receivers  for  use  with  vacuum  filters,  and 
the  liquor  then  be  blown  out  of  them.  The 
Kestner  Evaporator  and  Engineering  Co.,  Ltd., 
also  line  eggs  up  to  1000  gallons  with  lead  by  a 
homogeneous  process. 

Another  valuable  development  in  lining  large 
steel  eggs  is  with  ebonite,  which  can  now  be  carried 
out  by  the  New  Eccles  Rubljer  Co.,  Ltd.,  of  Ecdes, 
Manchester.  Ebonite  lined  eggs  are  particularly 
adapted  for  handling  hydrochloric  acid. 

Eggs  in  small  sizes  can  be  obtained  in  stoneware. 
Messrs.  Doulton  and  Co.,  Ltd.,  of  Lambeth  make 
one  of  110  gallons,  in  moderate  sizes  in  ferro- 
silicon  and  regulus  metal,  and  in  all  sizes  in  alu- 
minium. 

Automatic  elevators. 

The  Kestner  Automatic  Elevators  are  fully  described 
in  Mr.  Reavell's  paper  in  this  volume.  They 
are  made   in   various   materials  suitable  for  wide 


range  of  liquids  and  in  sizes  from  200  to  4000  gallons 
per  hour. 

The  Ogden  .4utoniatic  Acid  Elevator. — This  elevator, 
which  is  shown  in  section  in  Fig.  35,  consists 
of  a  receiver  made  of  "  Vitreon  "  acid-resisting 
stoneware  and  the  automatic  valve  gear.  The 
apparatus  is  made  in  two  sizes,  capable  of  handling 
400  and  800  gallons  per  hour  respectively. 


*  Mmi*ii/M  C'—f^ry  -^T'V,-'  ihlDJ^  '  -■^I^' 


Ogden  Automatic  Acid  Elevator. 

Fig.  35. 

There  are  no  floats  in  contact  with  the  acid,  and 
no  wires  or  rods.  The  onlj'  valve  inside  the  re- 
ceiver is  a  stoneware  check  valve  on  the  inlet  pipe. 

The  operation  of  the  elevator  is  as  follows :  As  the 
acid  runs  into  the  receiver  the  displaced  air  escapes 
into  the  discharge  pipe  by  a  small  hole,  just  below 
the  top  flange.  AVhen  the  level  of  the  acid  rises 
above  this  hole,  no  more  air  can  escape  and  a  slight 
compression  of  the  remaining  air  takes  place  as  the 
acid  continues  to  rise.  This  compression  acts  upon 
a  fairly  large  rubber  diaphragm  placed  on  a 
chamber  at  the  top  of  the  air  compression  pipe  and 
just  lifts  the  valve  which  is  attached  to  the  piston 
off  its  scat  sufficiently  to  allow  a  little  compressed 
air  to  enter  the  piston  chamber,  and  through  it  the 
receiver,  thus  starting  the  liquid  into  motion 
gently  and  without  shock. 

The  pressure  of  the  compressed  air  on  the  dia- 
phragm opens  the  air  admission  valve  fully,  and  the 
acid  is  then  blown  out. 

As  .soon  as  the  last  of  the  acid  begins  to  leave  the 
discharge  pipe,  allowing  air  to  escape  with  it,  the 
pressure  in  the  receiver  falls,  and  the  weighted  lever 
at  the  top  of  the  apparatus  closes  the  air  valve  by 
acting  on  the  piston  through  the  rubber  diaphragm. 
Once  the  air  valve  is  closed,  so  that  the  compressed 
air  no  longer  acts  upon  the  large  area  of  the  dia- 
phragm, but  only  upon  the  very  small  area  of  the 
valve,  the  weight  of  the  piston  is  sufficient  to  hold 
the  valve  closed. 

There  is  a  slight  space  between  the  lever  set- 
screws  and  the  diaphragm  set-screws,  sufficient  to 
allow  the  valve  to  lift  off  its  seat  under  the  slight 
compression  of  the  trapped  air  in  the  receiver,  as 
previously  explained. 

A  minimum  head  of  acid  in  the  feed  tank  above 
the  hole  "  A  "  equivalent  to  6"  of  water  is  sufficient 
to  operate  the  air  valve. 

As  a  rule,  if  the  valve  gear  is  below  the  level  of 
the  acid  in  the  feed  tank,  a  non-return  valve  is 
provided  in  the  compressed  air  pipe,  so  that  in  the 
event  of  the  air  supply  failing  the  acid  will  not  rise 
up  in  the  air  compression  pipe  and  reach  the  valve 
gear. 
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An  important  point  in  regard  to  this  elevator  is 
that  it  will  work  even  if  the  acid  only  trickles  in. 

This  type  of  automatic  discharge  gear  can 
obviouslv'be  fitted  to  existing  eggs  of  any  type. 

Barnes'  Patent  Automatic  Elevator  is  made  by 
Messrs.  John  Varley  and  Co.,  Ltd.,  of  St.  Helens. 
Fi".  36  shows  this  elevator  constructed  entirely  ot 


trap  with  delivery  of  the  condensed  water  to  a 
height  of  60  ft.  to  the  pumping  of  acids.  It  wdl 
take  liquids  from  vessels  under  a  pressure  of  20  lb. 
per  sq.  in.  or  under  a  vacuum  and  will  handle  boil- 
ing liquids  as  well  as  cold  ones,  and  will  operate 
with  steam  or  compressed  air  or  any  pressure  from 
m  to  200  lb, 


Barnes'   Patent  Automatic  Elev.itor. 
Fig.  36. 


Narki  metal,  with  a  capacity  of  800  gallons  per 
hour.  The  acid  enters  through  the  pipe,  B,  and 
when  the  egg  is  full  a  float  in  E  closes  the  vent 
pipe,  F,  at  the  same  time  operating  a  lever  in  D, 
which  open  the  air  valve  in  C.  The  air  pressure 
closes  the  non-return  valve,  H,  and  forces  the  acid 
up  the  discharge  pipe,  A.  This  apparatus  is  also 
constructed  in  regulus  metal,  with  a  capacity  of  900 
giills.  per  hour. 

The  Ogden  .\utoniatic  Pump  Trap. — This  useful 
apparatus  is  a  form  of  automatic  elevator  adapted 
to  a  variety  of  uses,  ranging  from  that  of  a  steam 


The  apparatus,  .shown  in  Fig.  37,  consists  of  a 
cylindrical  vessel  containing  a  float  usually  made 
of  welded  steel  or  of  stoneware  for  use  with  acids. 
The  inlet  and  outlet  pipes  at  the  bottom  of  the 
vessels  are  provided  with  non-return  valves. 

The  operation  of  the  pump  is  as  follows:  As  the 
liquid  rises  in  the  vessel  it  carries  up  the  float  until 
this  engages  with  the  exhaust  or  equilibrium  valve 
and  partially  closes  it,  at  the  same  time  actuating 
a  lever  which  slightly  opens  the  steam  or  compressed 
air  valve.  The  steam  or  compressed  air  then  closes 
the  exhaust  valve  completely,  at  the  same  time  fully 
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opening  its  own  admission  valve,  after  which  the 
liquid  is  blown  out  of  the  vessel.  The  float  forms 
an  efficient  separation  between  the  steam  and  the 
liquid,  thus  reducing  condensation  to  a  minimum. 
When  the  vessel  is  almost  empty  the  float  comes 
down  upon  a  collar  upon  the  central  tubular  guide, 
which  is  attached  to  the  exhaust  valve,  and  thereby 
opens  this  valve,  and  at  the  same  time  releases  the 
lever  of  the  steam  inlet  valve,  which  is  closed. 


OatMt  a  ClMI.<m 


^/  r<^i^if  Tic  ri//^, 


Ogden  Automatic  Pump  Trap. 
Fig.  37. 

If  the  apparatus  is  acting  upon  atmospheric 
pressure  the  exhaust  takes  place  to  atmosphere,  but 
if  the  feed  vessel  is  under  vacuuin  the  exhaust  pipe 
leads  back  to  it,  thus  placing  the  apparatus  in 
equilibrium  with  the  feed  vessel,  and  allowing  liquid 
to  flow  into  the  apparatus  again,  when  the  cycle 
recommences. 

This  pump  trap  is  made  in  three  sizes,  capable  of 
dealing  with  300,  600,  and  1200  gallons  per  hour 
respectively. 

There  are  obviously  a  great  many  different  uses 
for  this  apparatus  in  and  about  a  chemical  works, 
from  draining  pits  and  excavations,  and  returning 
condensed  water  from  ordinary  steam  traps  to  the 
boiler  house  hot  well,  to  raising  chemical  liquors, 
oils,  or  petrol. 

The  air  lift. 

The  air  lift  provides  an  exceeding  simple 
method  of  raising  liquids,  and  one  that  yields  a  ver.v 
fair  efficiency  if  the  design  is  properly  carried  out 
by  experienced  people.  It  is  not  used  in  chemical 
works  to  anything  like  the  extent  it  deserves. 

The  principle  of  the  air  lift  is  too  well  known  to 
recjuire  detailed  description,  consisting  of  the  in- 
jection of  compressed  air  at  the  bottom  of  a  dis- 
charge pipe,  so  that  alternate  piston-like  layers  of 
air  and  water  are  formed  in  the  pipe,  thus  lighten- 
ing the  column  in  the  pipe  and  allowing  the  liquid 
to  be  blown  out  with  an  air  pressure,  which  may  be 
as  low  as  |  lb.  to  i  lb.  per  foot  of  actual  lift  with 
water.  In  starting  the  air  lift,  of  course  an  air 
pressure  sufficient  to  blow  out  the  solid  column  of 
liquid  must  be  available. 

The  use  of  air  lifts  with  hot  liquids  offers  special 
advantages,  since  the  h.:.'at  energy-  of  the  liquid  con- 
tributes to  the  work  of  pumping  by  expanding  the 
air,  and  pumping  efficiencies  of  100%  and  over  can 
be  obtained  in  this  way.  Air  lifts  are  also  used  for 
lifting  molten  metals,  and  in  such  cases  the  thermal 
expansion  of  the  air  will  be  still  more  marked  owing 
to  the  higher  temperatures. 


Those  interested  in  the  use  of  compressed  air  for 
raising  liquids  otherwise  than  by  eggs  will  find  much 
valuable  information  in  the  following  places:  — 

Browne,  Behr,  and  Randall,  Engineering  News, 
.June  8,  1893. 


Sullivan  Air  Lift  in  Cast  Iron,  Section. 
Fig.  38.4. 

Pumping  bv  Compressed  Air,  bv  E.  M.  Iveus. 
(Chapman  and  Hall,  1914.) 

Air  Lift  Pumping,  by  A.  W.  Purchas,  Proc.  Inst. 
Mech.E.,  1917. 

The  correct  proportioning  of  the  "  submergence," 
or  ratio  of  the  depth  below  the  free  level  of  the 
liquid  in  the  well  or  feed  tank  at  which  the  air  is 
applied,  to  the  total  lift  has  much  to  do  with  the 
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efficiency.of  an  air  lift,  and  while  no  hard  and  fast 
rules  for"  determining  this  factor  can  be  given, 
since  it  depends  to  some  extent  upon  the  size  of 
the  eduction  pipe  and  the  nature  o£,the  liquid,  it  is 
generally  admitted  that  the  lower  the  lift  the 
greater  should  be  the  submergence,  and  that  the 
greater  the  submergence  the  higher  the  efficiency. 


-  -£ ;- 


Sullivan  Air  Lift  in  Lead.  Section. 
Fig.  38b. 

For  lifts  up  to  100  ft.  the  submergence  will  usually 
lie  between  50  -  and  70 'J  of  the  lift,  decreasing  to 
about  35^1  with  a  lift  of  500  ft.  ,^j 

Efficiencies  of  over  30  can  generally  be  obtained 
with  a  well-designed  air  lift,  and  10%  or  even  higher 
can  be  reached  in  some  cases  with  cold  liquids. 


The  following  description  of  some  large  air  lifts 
made  by  the  Sullivan  Machinery  Companv,  of 
Chicat^o  and  Salisbury  House,  London  ^^  all,  E.G., 
for  handling  nitric  acid  on  two  of  the  United  States 
Government  atmospheric  nitrogen  plants  at 
Sheffield,  Alabama,  may  be  of  interest. 

The  SuUivan  .\ir  Lift.— These  large  air  lifts,  in- 
volving lift  pipes  3'  or  more  in  bore,  and  therefore 
comparable  with  the  air  lifts  used  in  this  country 
for  raising  water  from  deep  wells,  are  made  in 
various  materials,  and  are  used  for  sulphuric  and 
other  acids,  as  well  as  nitric  acids. 

Fig.  38.4  shows  section  of  standard  apparatus 
made  in  cast  iron,  and  38b  in  lead.  The  apparatus 
consists  of  the  feed  pipe,  foot  piece  containing  air- 
iets,  the  deliverv  pipe,  and  the  separator  head, 
where  the  liquid  is  separated  from  the  accompany- 
ing air. 

Coming  now  to  the  atmospheric  nitrogen  instal- 
lations, there  were  two  plants  in  operation.  In 
plant  No.  1  a  series  of  towers  60  ft.  high  were  to  be 
supplied  with  acid,  and  a  compound  or  double  lift 
was  used.  The  foot  pieces  were  placed  in  a  pit 
20  ft  deep,  and  the  first  lift  raised  the  acid  to  a 
heit^ht  of  20  ft.  above  the  ground,  a  submergence 
of  50  =■  being  adopted.  After  passing  through  the 
separator  heads  the  acid  flowed  down  to  a  second 
set  of  foot  pieces  at  the  bottom  of  the  pit,  from 
which  it  was  lifted  to  the  top  of  the  towers.  Air  at 
a  pressure  of  40  lb.  per  sq.  in.  was  used,  and  it  was 
claimed  that  the  power  consumption  was  no  greater 
than  with  a  single  lift,  owing  to  the  lower  pressure 
required. 

The  air  compressor  plant  was  of  four  units,  each 
giving  1-500  cub.  ft.  of  air  per  minute. 

In  plant  Xo.  2  a  series  of  towers  70  ft.  high  had 
to  be  supplied  with  50  galls,  per  minute  of  acid 
each.  A  single  lift  system  was  used,  and  the  foot 
pieces,  to  a  number  of  120,  were  placed  at  the 
bottom  of  12'  cast-iron  tubes  sunk  in  the  ground 
to  a  depth  of  100  feet.  The  lift  pipes  were  made  of 
ferro-silicon  of  3"  bore,  and  the  air  supply  pipes 
were  U'  bore  aluminium.  The  air,  at  a  pressure 
of  1001b.  per  sq.  in.,  was  supplied  by  six  compound 
compressors  each  giving  2600  cub.  ft.  per  minute. 

The  pumping  efficiency  of  these  air  lifts  ranges 
from  30"    to  35%. 

A  very  interesting  system  of  applying  compressed 
air  to  "pumping  problems  is  that  known  as  the 
return-air  system  in  America.  It  consists  in  using 
reciprocating  pumps  of  the  steam-driven  type,  but 
with  compressed  air  instead  of  steam,  and  on  the 
closed  circuit  svsteni ;  that  is  to  say,  that  the  ex- 
haust from  the  pumps  goes  back  to  the  compressor 
and  is  used  over  and  over  again. 

This  method  enables  advantage  to  be  taken  of 
the  economy  in  compression  at  the  higher  pressures. 
For  instance,  if  a  pump  took  100  cub.  ft.  of  free 
air  per  minute  at  60  lb.  pressure,  exhausting  at 
atmospheric  pressure,  it  would  require  an  expendi- 
ture of  13'4  h.p.  at  the  compressor,  whereas  if 
the  air  were  delivered  at  90  lb.  pressure  and  ex- 
hausted at  30  lb.  the  consumption  of  power  would 
only  be  8"5  h.p. 

In  this  system  any  losses  of  air  through  leakage 
are  made  up  bv  a  small  booster  compressor,  and  it 
is  obvious  that'slip  past  the  air  piston  in  the  pump 
will  not  cause  loss  in  the  same  way  as  in  the  case 
of  air  or  steam  exhausting  to  atmosphere,  since 
the  exhaust  pressure  goes  back  to  the  compressor. 
This  paper  would  not  be  complete  without  a  refer- 
ence to  steam  ejectors,  which  are  often  useful  in 
chemical  works  for  draining  pits  and  pumps.  These 
can  be  obtained  in  iron,  gunmetal,  ebonite,  stone- 
ware regulus  metal,  and  ferro-sihcon.  They  are 
cheap  and  easily  put  up.  but  their  low  efficiency  is 
against  their  use  except  for  the  purposes  named. 
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Curves  of  Centrifugal  Pumps   (see  page  52). 
Fig.  39. 

Geneivl  data. 

An  imperial  gallon  of  water  at  62°  F.  (166°  C.) 
weighs  10  lb.  and  occupies  277"42  cub.  in.,  or 
0-16054  cub.  ft. 

A  cubic  foot  of  water  at  166°  C.  weighs  62-289  lb. 

A  cubic  foot  of  sea  water  weighs  64  lbs. 

An  imperial  gallon  =  12  United  States  gallon= 
4-536  litres. 

A  IJuited  States  gallon  =  231  cub.  in.  =0-833 
imperial  gall. 

A  litre  =  0-22  imperial  gall.  =0-26  U.S.  gall.  =61-16 
cub.  in. 

One  cubic  metre  =  220  imperial  galls. 

A  ton  of  water  =  224  galls.  =35-96  cub.  ft. 

A  head  of  1  ft.  of  water  =  a  pressure  of  0-4325  lb. 
per  sq.  in. 

A  horsepower  with  100%  efiBciency  will  raise 
1980  galls,  per  hour  100  ft. 

A  kilowatt  with  100%  efficiency  will  raise  2654 
galls,  per  hour  100  ft. 
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To  find  a  discharge  of  a  reciprocating  single- 
c.vlinder  pump  in  sjallons  per  hour,  multiply  the 
square  of  the  diameter  of  the  c.vlinder  in  inohes  by 
twice  the  mean  piston  speed  in  feet  per  minute. 
This  allows  about  2"'  for  loss  from  slip.  In  case 
of  single-acting  ram  pumps  only  the  effective 
strokes  must  be  taken  in  calculating  the  mean 
speed. 

Example: — ^What  will  be  the  discharge  of  a  6" 
pump  with  a  mean  piston  speed  of  80  ft.  per 
minute? 

Answer: — 6"x6"  x80x2  =  o760  galls,  per  hour. 

Example: — 'V\niat  will  be  the  discharge  of  a  4" 
single-acting  pump  making  40  9"  strokes  per 
minute.'* 


Answer : 
hour. 


-4"  X  4"  X  0-75  X  40  X  2  =  960  gall*,  per 


Flow  of  water  through  full  pipes:  — 

The  following  formula;  are,  in  a  slightly  .simplified 
form,   those  prepared  by  !Mr.   A.   A.   Barnes  from 

the  results  of  actual  tests:  — 

h  =  head   absorbed  in  friction   in  feet. 
v  =  velocity  of  flow  in  feet  per  second. 
d=bore  of  pipe  in  inches. 
l  =  length  of  pipe  in  feet. 


For  nncoated  cast  iron  pipes. 


v=13.30d.eoo(;)-^    U.«^ 


l.ssa 

172 


For   uncoated  steel  welded  pipes. 

,52/h\-"8,     ^      -00668  lvi-8»« 


v  =  14-08d-«"i 


cH-235 


=  16-81d 


For  clean  lead  pipes. 

S9l-     ,      ■008441V  i-"2 


.e^/bV'".     ,,= 


v  =  16-24d-56 


dins 

For  clean  glass  pipes. 

656     .        -0027  Iv'-"' 


=/hy"«,  h. 


The    same    approximate    formula    as    given    for 
pumps  may  be  used  for  ascertaining  the  discharge 
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of  water  from  pipes,  namely,  multiply  the  square 
of  the  diameter  of  the  pipe  in  inches  by  twice  the 
velocity  in  feet  per  minute,  and  the  result  will  be 
the  discharge  in  gallons  per  hour.  The  exact  factor 
is  2038. 

Table  of  pipe  equivalents. 
Taking  into  account  the  relatively  greater  fric- 
tion in  small  pipes:  — 


i' 

r   1- 

ir  2" 

2i"!  3" 
i 

4" 

5" 

6" 

7- 

8'  j  9- 

l"!    5-9    2-l! 

U:    160     5-9   (2-8 

2-    34-5  12-2'    5-9 

2-1 

24"    (!1      21-6  10-3 

3-7     1-8 

3"    97    1  34-3  16-4 

5-8     2-8 

1-6 

4"  201     71    ,34 

12        58 

3-3 

21 

a" 

125  1  60 

21      10-3 

5-S 

3-7 

1-8 

fi- 

199     98 

34      16-3 

9-2 

5-!^ 

2-8 

16 

7" 

1 

50    |24 

IS- 

H-(i 

41 

2-» 

1-5 

S" 

70    |34 

IS 

12 

5-8 

3-3 

2-1 

1-4 

9" 

95      46- 

21) 

16 

7-8 

4-4 

2-8 

1-9 

1-; 

1(1" 

124 

nil 

34 

21 

10-2 

5-8 

3-6 

2-5 

i> 

1-. 

12' 

i 

94 

53 

34 

16 

9-2 

5-8 

'1 

2-( 

•^1 

Example: — One  8"  pipe  is  equivalent  to  34x2", 
or  12x3"  pipes. 

Discussion. 

Capt.  Goodwin  described  the  method  adopted  in 
a  large  acid  plant  in  America.  The  quantities  were 
very  large,  about  200  tons  per  hour,  and  the  method 
was  simply  to  use  a  passenger  lift;  after  all,  the 
efficiency  of  the  ordinary  mechanical  lift  was  over 
80%  or  more.  It  had  not  come  into  general  use  in 
chemical  works,  but  it  was  justified  in  such  large 
plants  as  he  referred  to.  He  hoped  that  the  Hum- 
phrey pump  would  be  studied  as  it  deserved  to  be, 
and  that  it  might  be  developed  iii  one  form  or 
another.  Another  method  was  the  use  of  the 
vacuum  for  moving  liquids.  On  the  face  of  it  it 
might  seem  rather  irrational  to  use  vacuum,  as  it 
was  more  efficient  to  compress  air.  In  certain  cases, 
however,  it  gave  advantages  due  to  the  absence  of 
floats.  He  had  used  it  successfully  in  explosive 
works.  In  its  simplest  form  it  would  consist  of  a 
receiver  and  suction  pipe  dipping  into  the  tank 
with  a  suitable  iion-retarn  valve  on  the  suction 
pipe.  The  possible  head  was  limited  to  30  ft.  in 
the  case  of  water  or  less  for  heavier  liquids.  The 
use  of  vacuum  had  considerable  advantages  in  the 
moving  of  liquid  from  one  vessel  to  another  in  the 
course  of  continuous  processes.  In  connection  with 
the  distribution  of  liquids  in  chemical  works  he 
urged  the  necessity  of  paying  more  attention  to  the 
standardisation  of  pipe  lines  and  of  distances 
between  the  flanges  of  cocks  and  valves  to  facilitate 
replacements  and  reduce  the  number  of  spare  parts 
to  be  kept  in  stock.  Again,  the  pipe  lines  ought  to 
be  painted  in  distinctive  colours;  in  some  Govern- 
ment plants  that  had  been  done.  The  great  need 
was  for  standard  colours  to  be  used  by  all  works, 
otherwise  men  changing  from  one  works  to  another 
might  be  liable  to  cause  accidents.  The  capacity 
of  storage  vessels  ought  to  be  standardised  and  also 
flange  connections  to  the  various  pumps,  so  that 
when  a  pump  gave  out  it  would  be  an  easy  matter 
to  replace  it  by  a  pump  of  another  make  about  the 
works. 

Mr.  Reaveh  asked  what  use  the  rubber  dia^ 
phragm  was  in  the  acid  elevator  (Cunliflte)  if  used 
for  nitric  acid. 

Mr.  CcNLiFFE  replied  that  they  were  not  bound 
to  use  a  rubber  diaphragm. 

Mr.  Reavell  said  that  there  seemed  to  be  an 
impression  that  all  the  Kestner  elevators  had  to  be 
filled  quickly.  That  was  not  so;  they  had  more 
than  one  type,  including  those  which  could  be  filled 
extremely  slowly. 


PUMPING  ACIDS  AND  OTHER  CORROSIVE 
LIQUIDS,  WITH  PARTICULAR  REFERENCE 
TO  THE  ARMOURED  CERATHERM  CENTRI- 
FUGAL PUMP. 

BY    W.    IIAYUDRST. 

The  problem  dealt  with  in  this  paper  is  the  con- 
struction of  pumps  of  a  type  suitable  for  any  acid 
or  corrosive  liquid  in  whatever  conditions  may  be 
encountered  in  a  chemical  or  other  works. 

Certain  cjualifications  must  be  provided  for  in 
such  pumps.  If  possible  there  should  be  no  rubbing 
surfaces  or  bearings  within  the  pump ;  there  should 
be  no  material  touched  by  the  corrosive  liquid  pass- 
ing through  the  pump  which  can  be  dissolved  or 
aft^cted  by  that  liquid ;  valves  cause  wear  and  tear, 
require  frequent  attention,  and  should  be  avoided 
if  possible.  Any  oil  used  should  not  come  into 
contact  with  the  corrosive  liquid,  accidents  fatal 
not  only  to  the  pump  having  been  traced  to  such 
conditions.  The  pressure  developed  by  the  pump 
should- be  easily  variable  from  zero  to  about  50 — 
60  lb.  The  greatest  importance  should  be  attached 
to  the  simplicity  of  the  apparatus  used,  so  that 
there  is  little  or  nothing  to  go  wrong  and  the 
apparatus  should  be  suitable  .for  continuous  run- 
ning. 

The  heads  or  pressure  developed  hy^  the  pump 
should  be  accomplished  at  comparatively  low  pres- 
sures. 

The  type  of  pump  which  fulfils  the  requirements 
of  the  chemical  trade  is  the  centrifugal.  It  is 
possible  to  construct  a  centrifugal  pump  without 
any  valve,  without  rubbing  surfaces,  and  as  will  be 
seen  later,  to  obtain  the  various  heads  or  pressures, 
and  meet  the  different  conditions  required  in  a 
manner  free  from  complication  which  will  give 
efficient  results  with  the  minimum  of  attention. 

What  materials  are  available  to  the  chemical 
engineer  for  manufacturing  such  centrifugal 
pumps?  Enamelled  ware  is  out  of  the  question, 
because  the  slightest  scratch  would  terminate  the 
life  of  the  pump.  There  are  two  factors  to  con- 
sider in  the  choice  of  material.  One  is  corrosion 
and  the  other  erosion.  The  later  facter  would  pro- 
bably make  it  impossible  to  use  enamelled  ware 
pumps,  however  carefully  fitted.  Ebonite  pumps 
are  not  suitable  for  hot  liquids,  and  the  number 
of  corrosive  liquids  on  which  they  could  be  used 
is  strictly  limited;  e.g.,  liquids  containing  chlorine. 
They  have  the  disadvantage,  moreover,  that  any 
rubbing  surfaces — at  the  gland,  for  example— are 
liable  to  seize  owing  to  the  local  heating  so  rapidly 
generated  by  any  friction.  The  pumps  manufac- 
tured from  ferro-silicon  or  other  alloys  have  only  a 
very  restricted  application,  being  unsuitable  for 
hydrochloric  acid,  also  any  process  where  con- 
tamination by  iron  would  be  detrimental.  They  are 
unsuitable  for  many  solutions  containing  metallic 
salts,  and  for  many  warm,  weak  mineral  acids  when 
they  contain  traces  of  impurity.  They  are  quite 
unsuitable  for  most  organic  acids,  and  there  is  con- 
siderable difficulty  in  making  suitable  pump 
castings.  Lead  and  regulus  metal,  of  course,  are 
very  strictly  limited  in  their  application,  and  are 
unsuitable  for  many  acids  and  for  solutions  contain- 
ing metallic  salts. '  Such  expensive  metals  as  gold 
and  platinum  would  not  be  insoluble  in  all  the 
acids  and  liquids  met  with  in  chemical  practice, 
and  the  factor  of  erosion  might  be  very  serious. 
Such  manufacture,  however,  would  not  be  alto- 
gether out  of  the  question,  because  centrifugal 
pumps  with  impellers  of  very  small  dimensions,  say 
of  only  two  or  throe  inches  diameter,  could  be  made 
which  would  lift  to  any  head  required  in  the  chemi- 
cal works,  as  much  as  700  ft.  head  having  been 
obtained  by  these  small  impellers.  But  the  diffi- 
culty of  high  speed  in  the  neighbourhood  of  10,000 
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rers.  per  minute,  as  well  as  cost,  discounts  the 
possibi)ities  in  this  direction,  although  they  are 
rather  interesting. 

Providing  that  it  can  be  obtained  in  suitable 
forms,  ceramic  material  offers  the  largest  possibili- 
ties for  the  construction  of  pumps  for  the  chemical 
trade.  Ceramic  material  can  be  obtained  which  is 
quite  insoluble  in  almost  any  corrosive  liquid.  The 
hard  nature  of  the  product  also  reduces  wear  due 
to  erosion  to  the  minimum.  The  type  of  ceramic 
material  chosen  by  the  writer  for  his  pump  was  a 
form  of  "  ceratherm."  Ceratherm  is  a  new  acid- 
ware,  which  was  prepared  during  the  war  for  rapid 
condensation  of  large  quantities  of  acid  gas  in  the 
manufacture  of  explosives.  It  has  useful  properties 
which  make  it  suitable  for  this  work  in  that  small 
articles  can  be  heated  to  a  red  heat  and  plunged 
into  cold  water  without  cracking,  and  it  conducts 
heat  much  more  quickly  than  ordinary  stoneware, 
thus  enabling  an  equable  temperature  to  lie  main- 
tained throughout  any  apparatus  into  which  it  is 
made.     A  blow  on  a   piece  of  ceratherm  does  not 


subject  it  to  unnecessary  strain  in  coupling.  There 
is  a  tendency  for  pressure  to  build  up  behind  the 
impeller  and  cause  leak  at  the  gland.  They  are 
quite  unsuitable  for  anjthing  but  low  lifts.  The 
Guthrie  pump  is  identical  in  many  respects  with  the 
German  type  imported  into  this  country  shortly 
before  the  war  with  the  exception  of  the  fact  that 
it  is  made  of  ceratherm,  and  therefore  is  more  suit- 
able for  hot  liquids  or  variable  temperatures,  a 
condition  which  was  likely  to  crack  the  German 
pump  ^  and  the  method  of  putting  the  impeller  on 
to  the  shaft  is  quite  different  from  the  German. 
This  method  will  be  explained  later  in  the  paper. 
The  Gernians  often  used  sulphur  cements  for  their 
armourings  and  for  putting  the  impellers  on  the 
shaft.  This  was  a  very  bad  feature  indeed,  and  in 
many  oases  lead  to  the  complete  failure  of  the 
pump. 

I  now  refer  to  the  Guthrie  Ceratherm  Pump. 
The  examples  shown  illustrate  the  method  now  in 
use  in  the  manufacture  of  these  pumps.  Attention 
should  be  directed  to  the  following  points :  — 


Armoured  Guthrie  Ceratherm  Pump   (belt-drivenK 
Fig.  1. 


produce  the  same  shattering  effect  as  on  a  piece  Of 
glass  or  a  piece  of  highly  vitreous  stoneware. 

The  type  of  ceratherm  used  for  the  manufacture 
of  pumps,  however,  was  not  the  same  as  that  used 
for  the  manufacture  of  Hart's  nitric  acid  con- 
densing plant,  for  instance,  used  in  the  manufac- 
ture of  explosives,  but  a  type  was  prepared  with 
considerably  increased  tensile  strength.  Sufficient 
of  the  heat-resisting  capacity  of  the  original  form 
of  ceratherm  has  been  retained  to  enable  the  pump 
to  be  worked  alternately  on  liot  or  cold  liquids  with- 
out any  liability  to  fracture.  Other  advantages 
are  that  the  new  type  of  ceratherm  can  be  manu- 
factured more  accurately,  and  lends  itself  to  the 
preparation  of  very  thick,  strong  apparatus.  The 
ceratherm  is,  of  course,  entirely  unaffected  by  prac- 
tically any  chemical. 

Before  dealing  with  the  method  of  construction  of 
the  latest  form  of  armoured  ceratherm  centrifugal 
pump,  it  will  be  useful  to  refer  to  the  old  type  of 
earthenware  centrifugal  pump,  such  as  was  made  in 
Germany.  This  type  bears  no  comparison  whatever 
with  the  new  .  pump.  The  bodies  are  thin  and 
comparatively  weak.  The  impellers  are  slight  in 
construction.     The  design  of  the  pump  is  such  as  to 


1.  The  casings  are  made  exceedingly  thick  and 
strong.  They  are  set  into  the  iron  armourings  by 
means  of  one  of  the  cements  manufactured  by  the 
same  firm,  which  has  been  found  most  suitable  for 
this  particular  purpose,  and  which  itself  possesses 
remarkable  acid-resisting  properties. 

2.  The  inlet  and  outlet  of  the  pump  are  so  con- 
structed that  coupling  up  can  he  accomplished  with- 
out any  fear  of  damaging  the  pump,  and  the 
ceratherm  is  only  subjected  to  crushing  strains  to 
which   it  has   considerable   resistance. 

3.  The  acid  or  corrosive  liquid  is  fed  into  the 
pump  on  the  gland  side.  No  trouble  whatever  is 
experienced  in  packing  this  gland,  which  is  con- 
tinually under  suction,  and  a  small  quantity  of 
wool  soaked  or  not  soaked,  as  may  be  desired,  in 
paraffin  wax  and  pressed  home  with  the  fingers  pro- 
vides all  that  is  necessary.  The  gland  packing  need 
not  be  very  tight  to  obtain  quite  efficient  results 
without  any  leak.  In  fact,  heads  of  200  or  300  ft. 
can  be  attained  without  the  slightest  leak  or  trouble 
at  the  gland.  These  casings  are  found  most  efficient 
in  use  and  will  withstand  many  times  the  pressure 
to  which  tliey  arc  normally  required  to  be  subjected. 
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Tlie  writer  has  personally  tested  casings  up  to 
130  lb.  pressure,  which  of  course  is  much  beyond 
what  is  normally  required. 

Various  types  of  impellers  have  been  used  in  these 
pumps.  There  is  the  closed  type,  the  Manx  type 
(so  called  from  its  likeness  to  the  Isle  of  Man  coat 
of  arms),  the  Perforated  type,  and  the  Crippled 
type  where  only  very  small  quantities  are  required. 


Armoured   Gutlxrie  Ceratherm  Pump.     View  of  inlet  half 

with  impeller  removed. 

Fig.  2. 


screw  thread,  and  the  shaft  is  then  screwed  into 
the  impeller,  which  is  ground  and  balanced  on  its 
own  shaft. 

From  being  one  of  the  weakest  features  of  the 
old  German  type  of  pump,  this  method  of  connect- 
ing the  ceramic  portion  to  the  steel  shaft  has  now 
become  one  of  the  strongest  and  most  satisfactory 
features  of  the  pump. 

The  impellers,  it  will  be  noted,  are  of  very  sub- 
stantial construction.  They  have  been  tested  up 
to  fully  3000  revolutions,  and  as  they  are  nornrally 
never  required  to  be  run  above  the  neighbourhood 
of  1-500  revolutions,  it  will  be  seen  that  the  safety 
factors   are   very   high. 


!    W^ 


.\rjuoured   Guthrie   Ceratherm    Pump. 

Fig.  4. 


View   of   impeller. 


Armoured  Guthrie  Ceratheim   Pump, 
impeller  in  position. 
Fig.  3. 


Inlet  half  with 


The  fixing  of  the  impellers  on  to  the  steel  shaft 
is  a  matter  which  requires  very  careful  considera- 
tion, and  after  some  experimenting  the  method 
adopted  was  to  prepare  a  cementing  material  of 
very  high  acid  resistance  to  fill  the  interior  of  the 
shaft   of  the   impeller.     This   material   receives   a 


The  Manx  impeller,  which  is  so  far  as  we  are 
aware  entirely  new  in  idea,  is  almost  self-balancing 
so  far  as  thrust  is  concerned,  and  gives  very  little 
thrust  along  the  shaft.  With  the  closed  type  of 
impeller  in  some  conditions  considerable  thrust  may 
be  developed,  which  gives  the  Usual  trouble  with 
thrust  bearings.  The  thrust  bearings  which  are 
used  whenever  closed  type  of  impellers  are  supplied 
are  of  very  substantial  character,  and  much  above 
the  work  required. 

The  tendency  at  present  is  that  in  the  Guthrie 
Ceratherm  Pump  the  Manx  type  of  impeller  is 
almost  always  supplied  and  special  thrust  bearings 
are  not  necessary. 

In  considering  the  results  obtained  with 
Armoured  Ceratherm  Centrifugal  Pumps  it  should 
be  borne  in  mind  that  the  conditions  required  by 
the  chemical  trade  for  centrifugal  pumps  are  ex- 
ceedingly severe.  It  is  generally  required  to  pump  a 
small  quantity,  say,  from  20  to  100  gallons  a  minute 
to  a  head  of  anything  up  to  120  ft.,  whilst  running 
the  pump  at  low  revolutions.  This  means  that  the 
ratio  of  the  diameter  of  the  impeller  to  the  width 
of  its  blade  is  necessarily  high,  and  as  this  ratio  is 
a  factor  which  governs  the  theoretical  efficiency  of 
any  centrifugal  pump  a  corresponding  reduction  of 
efiiciency  would  be  expected. 

Notwithstanding  these  conditions  the  efficiencies 
obtained  with  the  Armoured  Ceratherm  Centrifugal 
Pump,  as  seen  in  the  type  of  results  indicated 
below,  are  of  a  satisfactory  order. 

In  the  neighbourhood  of  40  ft.  head  efficiencies  of 
60%  have  been  attained.  In  the  neighbourhod  of 
120  ft.  head  efficiencies  of  the  order  of  40%  have 
been  obtained  even  with  the  diminished  quantities 
required  by  the  acid  trade.     If  large  quantities  are 
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required   very  high  efficiencies  could   probably  be 
attained  at  high  heads,  say,  in  the  neighbourhood 

of  70%,. 


Quantity. 

Revolu- 

Head, 

Galls,  per 

H.P. 

Efficiency. 

tions. 

ft. 

mm. 

% 

m 

1760 

116 

160 

13i 

43 

N2 

1400 

87 

110 

6 

48-3 

N3 

1760 

128 

120 

12 

38 

N4 

1000 

35 

160 

2 

62 

Q 

1665 

35 

150 

2 
1 

71 

Ql 

1460 

35 

100 

60 

De  Laval  gives  the  general  efficiency  of  centri- 
fugal pumps  below  500  galls,  capacity  per  minute 
as  not  more  than  about  55%.  Taking  all  factors 
into  consideration,  the  efficiency  of  the  Armoured 
Cera  therm  Centrifugal  Pump  is  remarkably  good. 
Of  course,  for  very  small  quantities  at  high  heads  a 
diminution  of  efficiency  must  be  expected,  but  it  is 
never  nioro  than  one  woidd  expect  froni  the  diminu- 
tion in  quantity. 

The  liighest  head  which  has  been  attained  with 
the  i^unip  shown  and  the  impeller  shown  is  300  ft., 
which  corresponds  to  130  lb.  pressure  in  the  casing. 
This  pump  has  been  continuously  run  at  170  ft. 
head,  yielding  at  that  head  about  80  galls,  per 
minute. 

The  experience  referred  to  in  this  paper  has  been 
obtained  on  a  practical  scale  in  actual  work,  and 
the  following  liquids  have  been  pumped  with 
success: — Sodium  peroxide,  hot  and  cold  solution; 
this  is  one  of  the  niost  troublesome  substances  to 
pump.  A  metallic  pump  of  any  description  what- 
ever would  be  useless ;  in  fact,  I  do  not  know  any 
other  pump  which  would  answer  the  purpose.  The 
slightest  particle  of  metal  given  up  would  pass  into 
the  pr»cess  wliich  this  pump  is  feeding  and  do  con- 
siderable damage.  Hydrochloric  acid  is  being 
pumped,  botli  hot  and  cold.  Nitric  acid  of  various 
strengths  and  different  temperatures  and  contain- 
ing various  impurities.  Solutions  of  metallic  salts, 
acetic  acid.  There  is  still  a  good  deal  of  scepticism 
amongst  manufacturers  as  to  whether  their  parti- 
cular liquid  can  be  pumped  without  any  harm  being 
done.  The  makers  of  tliis  pump  would  be  very  glad 
indeed  to  find  a  liquid  which  they  cannot  pump 
satisfactorily. 

Li  conclusion,  the  fact  that  any  acid  or  corrosive 
liquid  can  now  be  puuqied  with  safety  to  any  head 
met  with  in  tlie  chemical  works  should  be  of  a.ssist- 
auce  in  the  development  of  new  processes  for  the 
washing  of  gases,  condensation,  and  ab.sorption. 

Discussion. 

Mr.  RuDGE  remarked  that  it  seemed  to  him  that 
most  of  the  types  described  needed  a  separate 
motor.  He  thought  there  was  a  lot  to  be  said  for 
one  motor  in  an  establishment. 

Mr.  H.  M.  Ridge  said  tliat  Mr.  Hayhurst  had 
emphasised  the  tensile  strength  of  his  material. 
Ho  asked  for  some  information  on  the  tensile  tests 
not  done  on  fragments  cut,  ground,  or  sawn,  but 
practical  tests.  Another  point  was  the  heat  differ- 
ence. He  had  given  some  references  to  the  heating 
of  a  vessel  with  a  metal  outside  and  lined  with 
ceratherm.  Was  the  coefficient  of  expansion  of  the 
ceratherm  identical  with  th.at  of  cast  iron  or  mild 
steel,  or  whatever  was  used?  Another  point  he 
would  like  to  hear  more  about  was  the  comluctivity. 

Mr.  H.wnuEST  said  that  figures  for  tensile 
strength  were  not  easy  to  give,  but  in  his  opinion 
the  proper  way  to  get  an  idea  of  what  ceratherm 
would  stand  was  to  run  it  until  it  burst,  and  they 
would  get  the  tensile  strength.  He  had  not  suc- 
ceeded in  bursting  one  yet.  He  had  given  a  figure 
of  3000  revolutions  for  the  larger  impellers,  and 
that  gave  a  safety  factor  at  once  of  four  or  more. 
He  did  not  think  there  was  any  other  really  reliable 
way  of  getting  a  figure.  After  all,  the"  question 
was :   How  do  they  work  and  how  do  they  stand  up 


in  use.  They  had  run  impellers  faster  than  they 
ought  to  and  they  did  not  break.  The  transmission 
of  heat  was  based  on  figures  from  actual  practice, 
using  a  lead  coil.  It  was  in  u.se  and  transmitting 
heat  quite  satisfactorily.  He  had  not  yet  had  an 
opportunity  of  taking  accurate  readings!  So  far  as 
the  question  of  linings  being  affected  by  different 
coefficients  was  concerned,  the  linings  were  fluted 
on,  and  they  had  never  had  one  come  off  in  use. 


The  following  paper  was  taken  as  read  :  — 

HANDLING  OF  PETROLEUM  IN  BULK  AT 
THAMES  HAVEN. 

BY    N.    A.    ANEILOGOI'f,    F.I.C.,    M.I.SIECU.E. 

The  Petroleum  Storage  Wharf  at  Thames  Haven 
has  been  inseparably  connected  with  the  petroleum 
industry  of  this  country  from  its  inception.  Start- 
ing as  it  did  as  a  barrel  warehouse,  it  has  grown 
with  the  industry,  changing  its  aspect  with  that  of 
the  industry  as  a  whole,  and  always  keeping  just 
ahead  of  the  phases  in  the  trade  itself,  until  to-day 
the  storage  tanks  of  the  London  and  Thames  Haven 
Oil  Wharves,  Limited,  which  have  a  capacity  of 
over  500,000  tons,  cater  for  the  whole  of  the  trade, 
making  Thames  Haven  Wharf  the  largest  petro- 
leum bulk  storage  installation  in  the  world.  The 
modern  tank  steamer  brings  petroleum  from  every 
part  of  the  globe.  It  is  able  to  carry  a  large 
number  of  grades  in  its  separate  and  distinct  tanks 
on  board  ship.  It  is  taken  alongside  any  one  of  the 
four  deep-water  piers,  and  tliere  expeditiously 
empties  its  cargo  through  various  pipe  lines  into  the 
storage  tanks  on  the  wharf.  In  the  main  the  opera- 
tions are  alike,  whether  the  steamer  brings  the 
refined  petrol  or  the  very  viscous  petroleum  resi- 
dues used  as  flux  for  road-making.  The  steamer 
pipe  lines  are  connected  to  the  shore  mains  by 
means  of  flexible  hose,  and  the  ship  discharges  its 
several  grades  with  its  own  pumps. 

For  high-flash  petroleum  the  ship's  pumps  are 
supplied  with  steam  generated  on  board  ship,  while 
for  discharging  low-flash  petrol  or  crude  oils  steam 
is  supplied  from  shore,  because  no  fires  or  naked 
lights  of  any  description  are  permitted  on  board 
while  handling  low-flash  petroleum.  From  the 
engineer's  point  of  view  it  would,  at  first  blush, 
appear  a  great  waste  of  steam  if  he  were  told  that 
the  shore  boiler  is  somewhere  about  800  to  1,000  ft. 
away  from  the  ship's  pumps,  and  that  the  steam 
had  to  be  conveyed  there.  This  was  so,  and  in  the 
early  stages  the  pumps  were  practically  worked 
"  hydraulically,"  for  the  low-pressure  steam,  used 
some  17  years  ago,  arrived  at  the  steam  cylinder 
of  the  pump  on  board  ship  practically  little  more 
than  hot  water.  It  was,  nevertheless,  expedient, 
as  it  obviated  risks  from  fire.  This  will  be  readily 
understood,  seeing  that  when  a  tanker  is  loading  or 
discharging  low-flash  petroleum  evaporation  is 
going  on  the  whole  while.  Petroleum  vapour  being 
much  heavier  than  air,  this  inflammable  gas  pours 
down  into  the  stoke  hole  and  low-lying  holds  in  the 
ship,  where,  with  fires  under  the  boilers,  it  may 
easily  ignite  and  convey  the  flames  to  the  tanks 
themselves.  If  during  its  progress  petroleum 
vapour  becomes  diluted  with  air,  it  is  even  more 
dangerous,  as  it  may  then  form  an  explosive 
mixture. 

In  the  course  of  time  expediency  alone  did  not 
satisfy  the  management,  and  the  uneconomic  ex- 
penditure of  steam  was  inquired  into.  This  was 
finally  overcome  by  providing  high-pressure  boilers 
with  superheaters,  which  «ere  calculated  to  give 
sufficient  superheat  to  insure  the  steam  arriving  at 
the  tanker's  pump  cylinder  at  a  temperature  not 
less  than  that  of  saturated  steam  of  that  pressure. 
To  achieve  this  object  the  calculation  em)>loyed 
was    that    for    every    3    ft.    of    efficiently    lagged 
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steam  main  the  superheated  steam  would  lose  one 
degree  of  its  superheat.  Thus  for  900  ft.  of  steam 
main  300°  F.  superheat  would  have  been  necessary. 
In  practice,  however,  it  h as  found  that  steam  with 
160  lb.  gauge  pressure  and  a  superheat  of  140°  F. 
travelled  through  a  3-in.  ma/in  a  distance  of 
8.50  ft.,  and  at  the  end  there  was  registered  a 
pressure  of  118  lb.  per  .square  inch  and  a  tem- 
perature of  378°  F.,  i.e.  still  showing  some  20°  F. 
superheat  above  the  temperature  of  saturated 
Eteam.  The  loss  of  superheat  worked  out  at  about 
1°  F.  for  every  7  ft.  of  main.  No  hard  and 
fast  rules  can,  however,  be  laid  down,  so  many 
factors  influencing  the  greater  or  lesser  loss  of 
superheat,  amongst  ■  which  lagging,  atmospheric 
conditions,  steam  consumption,  velocity,  and 
friction  are  worthy  of  mention. 

When  the  cargo  is  discharged  into  the  storage 
tanks  of  the  ocean  depot  or  installation  the  varioi;s 
products,  in  addition  to  those  obtained  from  re- 
fined operations,  have  to  be  transported  either 
direct  to  consumers  or  to  inland  or  smaller  depots 
for  distribution.  This  is  carried  out  by  means  of 
the  ubiquitous  square  petrol  can,  by  wood  or  gal- 
vanised steel  barrels  and  drums,  by  either  horse- 
drawn  or  self-propelled  road  tank  car,  by  rail  tank 
car.  by  towed  bulk  tank  barges,  or  by  small  coast- 
ing tank  steamers.  At  Thames  Haven,  where 
during  1918  the  average  daily  handling  of  petro- 
leum in  bidk  amounted  to  more  than  2-500  tons 
(7.50.000  galls.),  and  the  different  grades  varied  from 
the  limpid  petrol  and  kerosene  to  the  viscous  liquid 
fuels  and  road-making  flux  oils,  the  question  of 
pipe  lines  presented  considerable  difficulties.  There 
were  not  only  the  practical  difficulties  of  safe- 
guarding contamination,  but  there  was  the 
chemico-engineering  problem  of  the  effect  of  some 
of  the  sulphur-bearing  oils  on  tank  roof  plates, 
pumps,  rods,  valves,  springs,  and  even  the  tanks 
themselves.  A  good  deal  of  forethought  and  plan- 
ning were  necessary  in  the  laying  out  and  the  con- 
struction of  the  pipe  lines,  and  in  the  mechanical 
engineer's  domain  of  boiler  plant,  steam  mains, 
and  the  most  efficient  and  economic  methods  of 
working.  The  question  of  type  of  prime  mover  did 
not  arise  at  Thames  Haven,  for,  having  to  provide 
steam  for  both  refining  operations  and  ship's  use 
for  discharging  low-flash  petroleum,  all  the  pumps 
used  were  steam  driven. 

The  works  being  spread  over  an  area  of  nearly 
200  acres,  decentralisation  had  to  be  adopted  rather 
than  centralised  power  plant,  and  the  26  large 
B.  &  W.  and  Lancashire  boilers  are  divided 
amongst  eight  boiler  houses.  A  pumping  installa- 
tion is  in  close  proximity  to  each  boiler-house,  the 
pumps  employed  being  the  direct  driven  steam 
pumps  of  either  the  single  cylinder  or  the  duplex 
type.  In  selecting  the  pump  required  the  number 
of  gallons  it  ca,n  deliver  is  calculated  from  bore, 
stroke,  and  piston  speed.  There  are  in  use 
hydraulic  equivalent  tables  for  deductions  per  cent, 
of  output  due  to  friction,  multiplicity  of  bends  and 
elbows,  length  of  suction  and  delivery  lines  and 
head  of  lift  for  suction  and  delivery.  When,  how- 
ever, pumping  of  petroleum  is  the  question  under 
discussion  there  appears  to  be  little  published  data 
as  a  guide  to  the  engineer  for  either  selection  or 
manufacture  of  the  best  pump.  All  types  have 
been  used ;  the  old  and  modern  plunger  pump 
(single,  duplex  or  treble),  the  packed  piston 
pattern  (packing  consisting  of  either  soft  packing 
or  metal  rings),  the  turbine,  centrifugal  and 
rotary  pumps.  Each  type  has  its  champions  and 
detractors.  The  truth,  however,  is  that  there  is  no 
type  of  piimp  made  which  will  give  equally  good 
service  with  all  grades  of  petroleum  products  under 
all  and  any  conditions. 

The  duplex  pump,  used  for  limpid  or  non-viscous 
petroleum  products,  is  of  the  usual  "  Worthington  " 
pattern,   where   two   steam   cylinders  side  by   side 


have  pistons  connected  directly  to  two  pump 
plungers.  A  D-valve  is  employed  and  the  engine 
works  without  expansion.  The  valve  and  piston 
strokes  cross  mutuallj'  at  half  phase,  and  the 
piston  cannot  then  actuate  the  valve.  In  this 
type  of  pump  piston  t\o.  1  works  valve  No.  2,  and 
piston  Ivo.  2  moves  valve  No.  1  by  lever  gear  and 
rocking  arms,  the  motion  of  the  two  pistons  being 
alternate.  The  valves  and  pistons  are  so  inter- 
dependent, however,  that  immediately  steam  enters 
one  cylinder  the  action  of  the  engine  commences 
as  a  whole  and  continues,  unless  friction  or  back- 
pressure difficulties  intervene.  To  enable  each 
piston  stroke  to  be  completed  before  the  valve  re- 
opens to  steam  admission,  separate  admission  and 
exhaust  ports  are  provided,  which  incidentally 
causes  the  imprisonment  of  a  quantity  of  steam 
which  acts  as  a  cushion.  In  the  tandem,  compound 
type  of  duplex  high-duty  pumps  the  steam  is  used 
expausivel.v  through  high-pressure  and  low- 
pressure  cylinders,  and  again  each  engine  works  its 
neighbour's  valves.  Some  makers,  while  not  going 
to  the  length  of  providing  a  compound  engine, 
have  fixed  a  Jleyer  type  cut-off  valve  gear,  which 
enables  the  engine  to  work  without  expansion  for  a 
certain  predetermined  part  of  its  strokes  and  ex- 
pansively for  the  remainder.  These  are  the 
mechanical  details  of  construction  of  the  steam 
end  with  due  regard  to  economy  and  mechanical 
efficiency,  and  are  adopted  by  all  the  reputable 
pump  manufacturers.  The  details  of  the  pump 
end  of  the  engine  are  varied  according  to  each 
manufacturer's  experience.  There  is  no  panacea  in 
this  connection,  and  each  case  must  be  decided 
according  to  circumstances. 

The  general  rules  and  details  to  be  observed  are 
that :  (1)  The  pump  rods,  cylinder  liners,  piston 
rings  (packing  rings),  valves,  guards,  and  springs 
should  be  of  brass  or  gunmetal.  (2)  Valves, 
guards,  springs,  and  valve  seats  should  be  acces- 
sible. (A  solid  valve  seat  plate  is  preferable  to 
separately  screwed-in  or  pinned-in  valve  seats.) 
(3)  Valve  guards  should  be  of  ample  strength  to 
withstand  the  constant  jar  and  should  be  pinned  in 
addition  to  being  screwed  into  valve  seat.  (4)  Snuff 
or  pet  cocks  should  be  provided  both  above  and 
below  delivery  valve  plate ;  and  (5)  the  valve  lift 
should  be  ample;  if  multiple  valves  are  used  the 
sum  of  the  valve  areas  should  be  at  least  25% 
greater  than  the  area  of  the  suction  pipe. 
These  pumps  are  recommended  for  such  liquids  as 
petrol,  kerosene,  and /or  gas  oils  and  the  hydraulic 
tables  for  water  pumping  are  a  fair  guide  as  to 
capacity  of  pump.  I  would  suggest,  however,  that 
of  two  pumps  capable  of  delivering  the  same  quan- 
tity the  pump  with  the  longest  stroke  (and  fewer  in 
number  per  minute)  is  to  be  preferred. 

As  in  pumping  petrol,  for  instance,  the  pump 
gets  "  gassed,"  a  delivery  air  vessel  with  relief 
cock  should  be  provided  with  every  pump.  This 
many  makers  already  provide,  but  it  should  be  in- 
sisted on  from  all  makers.  Where  the  oil  to  he 
handled  is  very  "  gassy,"  or  where  long  suction 
pipes  are  employed  (in  fact,  I  would  recommend  it 
in  every  case)  a  suctioit  air  vessel  (similar  to  de- 
livery air  vessel)  should  lie  provided.  This  no  maker 
supplies  as  an  integral  part  of  the  pump,  yet  it 
insures  a  steady  flow  of  the  liquid  to  the  pump, 
prevents  "  hammer,"  and  relieves  the  pump  from 
"  rambling  "  or  short  stroking.  In  pumping 
petrol,  especially,  it  is  desirable  that  the  pipes  and 
pumps  should  be  of  ample  dimensions  to  convey 
the  quantity  required  without  undue  pressure.  The 
suction  pipes,  if  long,  should  be  preferably  larger 
than  the  inlet  to  the  pump  to  avoid  friction,  which 
has  a  twofold  undesirable  quality — reduction  of 
through-put  and  tendency  for  setting  up  "  fric- 
tional  electricity,"  with  its  companion  risk  of 
ignition.  Petrol  should  be  pumped  into  the  bottom 
of  a  tank  and  not  into  the  top,  as  allowing  it  to  fall 
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in  a  cascade  or  shower  from  the  top  increases  loss 
from  evaporation,  creates  an  explosive  mixture 
above  the  liquid  in  the  tank,  and  enhances  fire 
risks  from  "  frictional  electricity." 

The  best  packing  for  glands  is  "  metallic  "  pack- 
ing. "Soft"  packing  soon  becomes  hard  and 
scores  the  rod,  and  once  the  rod  is  scored  no  pack- 
ing will  keep  a  gland  tight.  If  something  goes 
wrong  with  a  pump  the  steam  end  should  be  the 
last  to  be  examined,  and  the  valve  rods  should  not 
be  touched.  In  the  majority  of  cases  the  pump 
end  is  the  seat  of  the  trouble.  The  pump  may  be 
"gassed,"  a  spring  or  guard  broken,  a  suction 
\alve  hung  up,  or  even  a  pump  plunger  loose  or 
piston-rod  broken. 

The  provision  of  filter  gauzes  on  suction  side  of 
pump  is  an  advantage,  but  they  must  be  designed 
in  duplicate  boxes,  where  the  change  can  be  easily 
effected,  and  must  provide  at  least  25 '„  more 
unrestricted  area  than  the  suction  pipe  itself. 
Internal  lubrication  of  steam  cylinders  must  be 
efficient — particularly  so  where  superheated  steam 
is  used — and  external  means  of  lubricating  rocking 
arms,  valve,  and  piston  rods  should  be  provided. 
The  simple  provision  of  a  hole  in  the  casting,  which 
is  so  often  seen  on  pumps  for  lubricating  valve 
and  rocking  gear  by  hand,  is  to  be  deprecated,  as 
dust  and  dirt  get  in,  and  this  abrasive  material 
makes  a  poor  addition  to  the  lubricant.  These  re- 
marks apply  in  general  to  all  oil  pumps. 

For  pumping  the  heavier  and  more  viscous  oils 
we  use  the  single-cylinder  pump.  These  direct- 
acting  steam  pumps  consist  of  a  steam  piston  at  one 
end  of  the  piston-rod  and  a  plunger  at  the  other. 
The  pumps  occupy  little  space  and  have  very  few 
working  parts.  They  have  no  external  valve  gear, 
and  the  steam  cylinder  is  so  constructed  that  all 
the  steam  is  utilised  for  effective  work  on  the 
piston.  The  slide  valve  operation  is  arranged  so 
that  there  are  no  minute  steam  passages  and  con- 
sists of  a  very  simple  valve  mechanism  which  is  en- 
tirely enclosed. 

This  type  of  pump  is  in  use  at  Thames  Haven.  It 
has  the  longest  stroke  obtainable  with  the  least 
number  of  strokes  per  minute,  is  certain  in  action, 
and  starts  from  any  point  on  steam  being  turned 
on,  and  has  no  dead  centre.  It  automatically 
slows  down  at  the  end  of  each  stroke,  and  the  valve 
gear  and  steam  ports  are  constructed  so  that  the 
piston  does  not  strike  the  cover  when  running  at 
excessive  speed. 

In  pumping  viscous  oils  the  simple  calculation 
from  piston  speed  and  size  of  bore  and  stroke  will 
not  necessarily  give  the  number  of  gallons  the 
pump  is  capable  of  delivering,  because  so  much  de- 
pends upon  the  viscosity  of  the  oil,  the  temperature 
at  which  it  is  being  pumped,  and  also  upon  the 
friction  in  the  pipes.  To  recognise  the  difficulty  in 
calculating  the  quantity  of  oil  a  given  sized  pump 
could  deliver,  it  is  well  to  note  that  at  ordinarv 
temperatures  1°  F.  will  change  the  friction  some"- 
wliere  about  5\.  The  paper  published  bv  Dr. 
R.  _T.  Glazebrook  (J.  Inst.  Pet.  Tech.,  "Dec, 
191.5)  is  the  most  illuminating  technical  work  on 
the  relation  of  viscosity  of  oils  to  rate  of  flow 
through  pipes.  This  matter,  however,  requires  a 
good  deal  of  further  study,  since  in  practice  the 
velocity  of  even  the  most  viscous  oils  exceeds  con- 
siderably the  experimental  speed  of  1'5  ft.  per 
second  employed  by  Dr.  Glazebrook.  At  Thames 
Haven,  working  with  viscous  fuel  oils,  the  velocity 
through  an  8-in.  pipe  frequently  exceeds  6  ft.  per 
second.  The  difficulties  of  pumping  viscous  liquids 
are  enhanced  by  the  fact  that  even  when  the  oil 
is  heated  before  it  is  pumped,  when  long  lengths  of 
pipe  lines  are  used  tor  delivering,  there  are  a  series 
of  velocities  inside  the  pipe,  the  highest  being  in 
the  centre  and  the  lowest  being  where  the  oil  comes 


in  contact  with  the  pipe  itself.  Therefore,  in 
pumping  viscous  oils  there  is  not  only  the  friction 
of  the  viscous  liquid  on  the  metallic  surface  of  the 
pipe,  but  also  the  internal  liquid  friction  right 
through  the  section  to  the  centre,  and  for  all 
practical  purposes  the  diameter  of  the  pipe  is  thus 
reduced  by  the  slower  velocity  strata  nearest  its 
circumference. 

The  variations  in  the  temperatures  and  there- 
fore viscosities  and  the  friction  of  oils  pumped 
through  long  lengths  of  pipe,  as  also  the  variations 
caused  by  atmospheric  changes,  make  it  practically 
impossible  to  work  out  correct  formulfe  to  enable 
engineers  to  have  definite  data  from  which  to 
select  the  size  of  pump  required. 

In  practice,  for  the  more  viscous  oils,  especially 
those  that  cannot  have  their  viscosities  measured 
in  Redwood's  No.  2  viscometer  at  32°  F.,  or  such 
oils  which  have  a  setting  point  of,  say,  50°  F.  or  less 
the  following  procedure  is  adopted  :  The  tank  in 
which  the  oil  is  stored  is  provided  with  steam  coils 
and  is  kept  at  such  a  temperature  as  will  reduce 
the  viscosity  sufficient  to  enable  it  to  be  pumped 
(usually  between  80°  and  100°  F.). 

The  pipe-lines  are  in  some  cases  einclosed  in 
wooden  boxes,  with  the  steam  pipe  running  along- 
side, but  the  writer  do'es  not  think  that  this  method 
is  either  economic  or  particularly  efficient,  and 
prefers  to  have  a  steam  pipe  running  inside  the 
oil  pipe  with  the  steam  inlet  at  the  furthest  end 
away  from  the  pump,  so  that  the  steam  enters  at 
presumably  the  coolest  part  of  the  pipe,  and  travels 
in  an  opposite  direction  to  the  oil.  When  the  steam 
is  employed  inside  an  oil  line  great  care  must  be 
taken  that  there  is  no  leakage,  since  this  would 
contaminate  the  oil  and  make  it  "  wet."  This  is, 
hrst  of  all,  safeguarded  by  providing  glands  to 
permit  the  steam  pipe  to  "expand  freely  without 
becoming  distorted  in  the  pipe  line,  and,  secondly, 
hy  taper-thread  sockets  for  the  steam  pipe.  As  a 
rule,  all  steam  pipes  are  provided  with  parallel 
threaded  sockets,  and  it  will  be  realised  that  when 
a  parallel-threaded  socket  is  used  for  a  taper- 
threaded  pipe,  it  is  only  the  last  thread  on  the 
pipe  that  holds,  and  the  least  expansion  or  con- 
traction or  other  movement  of  the  steam  pipe  is 
bound  to  cause  a  leak.  When,  however,  the  threads 
in  the  sockets  are  tapered  in  the  same  proportion 
as  the  taper  on  the  thread  on  the  pipe,  the  whole 
length  of  the  thread  is  closely  engaged  between  the 
socket  and  the  pipe. 

So  far  as  general  remarks  with  regard  to  pump- 
ing viscous  oils  are  concerned,  it  is  essential  that 
the  suction  and  delivery  pipes  be  of  ample  propor- 
tions, that  a  suction  air  vessel  be  used,  that 
where  filter  gauzes  are  employed  the  area  of  such 
gauzes  be  at  least  100°;  ,  greater  than  the  area 
of  the  suction  pipe,  and  that  the  pump  pre- 
ferably have  the  least  possible  number  of  valves. 
These  valves  should  each  be  of  the  largest  possible 
size,  and  the  valve  seats  should  be  so  constructed 
that  the  webs  do  not  unnecessarily  break  up  the 
stream. 

Since  1886,  when  the  first  British-built  and  owned 
tank  steamer,  the  "  Bakuin,"  landed  her  first  bulk 
cargo  of  oil  at  Thames  Haven,  considerable  ex- 
perience and  technical  detail  in  handling  oil  in 
bulk  have  been  gathered,  but  within  the  scope  of 
this  paper  it  would  be  impossible  to  do  this  suffi- 
cient justice. 


On  the  motion  of  the  Chairman  a  vote  of  thanks 
was  passed  to  the  authors  for  their  papers,  and  on 
the  motion  of  the  Hox.  Secretary  a  vote  of  thanks 
was  accorded  to  the  Chairman. 

Capt.  GooDWtN  moved  a  vote  of  thanks  to  Mr. 
Talbot  for  his  work  in  making  the  conference  a 
success,  and  the  Hon.  Secretary  replied  briefly. 


The  Chemical  Engineering  Group  as  a  body  does  not  hold  itself 
responsible  for  the  statements  of  fact  or  opinions  advanced  in  papers 
and  discussions  at  its  meetings  and  recorded  in  its  Proceedings. 
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PROPERTIES    OF    CARBONIC    ACID. 

Curves  prepared  by  Mr.  J.  H.  West,  A.M  Inst.C.E. 

1  litre  of  pure  dry  CO.,  at  0°C.,  760  m.m.  pressure,  and  at  sea-level  weighs  1.977  gram.  (Greenwood) 
1000  cubic  feet  of  pure  dry  CO^  at  15°C.,  weig-h  116.9  lb.   (Greenwood). 
Critical  temperature — 31.35°C.,   above  which  no  amount  of  pressure  will  liquify  the  gas. 
The  Vapour  Pressure  curve  gives  the  vapour   pressure  in  lbs.  per  square  inch  (gauge)  from  0°C. 
to  .j1°C.     To  reduce  to  atmospheres  divide  by  14.7  ;   to  reduce  to  kg.  per  cm.  multiply  by  0.07. 
Gauge  points  for  checking  accuracy  of  curve  : — 

Pressure.  Temperature. 

573. i  5°C.  (.\uthority   R.  T.    Stewart). 

734.8  15°C. 

928.9  250C. 

The  Specific  Heat  of  the  gas  between  0°C.  and  1400°C.  is  given  in  the  form  of  two  curves  showing  the 
total  heat  from  0°C.  at  constant  pressure  and  at  constant  volume  in  centigrade  pound  units  per  !b.,  the  same 
values  being  correct  for  kg.  calories  per  kg.  This  system  is  the  most  convenient  since  it  is  usually  required  to 
know  the  change  of  heat  in  a  given  weight  ot  gas  in  passing  through  a  given  range  of  temperature.  The  specific 
heat  at  any  temperature  can  be  found  from  the  curves  by  subtracting  the  total  heat  at  50°  below  the  desired  tem- 
perature from  the  total  heat  50°  above  the  desired  temperature  and  dividing  by  100. 
Gauge  points  for  checking  accuracy  of  curves  : — 

Temperature  100°  700°  1300°C. 

Total  Heat  Const.  Press.  20.82  170.9         347.2         C.P.U. 

Total  Heat  Const.  Vol.  15.52  130.5  2,s2.9         C.P.U. 

(Authorities,   const,  press.    Holborn  and   Henning,   const,  vol.    Crofts). 
Solubility  in  Water.     One  curve  shows  the  solubility  in  water  at  atmospheric  pressure  from  0°C.  to  40°C. 
and  the  other  the  solubility  in  water  at  12.4°C.  at  pressures  from  0  to  426  lbs.  per  sq    in.  (gauge).       In  both  cases 
the  values  given  are  the  volumes  of  gas   (measured  at  normal  temperature  and  pressure)  soluable  in  one  volume 
of  water. 

Gauge  points  for  checking  accuracy  of  curves  : — 

Solubility  at  1  atmosphere  ;  1.424  1.019  0.665  (.Authority,  Greenwood). 

at  5°C. 

Solubility  at  12.4°C.  ;  5.15 

at  58.7  Ibs/sq.  in. 

Latent  Heat  of  Vaporisation.  The  curve  gives  this  in  Centigrade-pound  units  per  pound  on  kg-calories 
per  kg.  from— 10°C.  to  30°C. 

Gauge  points  for  checking  accuracy  of  curve  : — 

Temperature  7.25°C.  22°  30.6°  (Authority,  Castell-Evans). 

Latent   Heat  50  31.8  7.26 

Specific  Gravity  of  Liquid  and  Saturated  Vapour.  The  curve  gives  the  above  from  0°C.  to  the  critical 
temperature  (water  at  4°C.  =  1.00). 

Gauge  points  for  checking  accuracy  of  cur\'es  : — 

Temperature  5°C.  15°  25°C.  (Authority,   R.  T.   Stewart). 

Sp.   Gr.    Liquid       888  .814  .703 

Sp.    Gr.    Vapour 113  .158  .240 

Proportion  of  Cylinder  Volume  occupied  by  Liquid  at  different  temperatures,  for  various  values  of 
the  combined  density  of  liquid  and  vapour  at  which  cylinder  was  charged. 

These  are  very  useful  curves  for  those  engaged  in  charging  cylinders  with  liquid  CO,,  for  from  them  can  be 
ascertained  the  maximum  weight  of  CO.,  which  can  safely  be  charged  into  a  cylinder  of  any  given  capacity,- if  the 
maximum  temperature  to  which  the  cylinder  is  liable  to  be  subjected  is  known. 

By  "lombined  density  of  liquid  and  vapour"  is  meant  the  ratio  of  the  weight  of  CO.^  put  into  the  cylinder  to 
the  weight  of  water  at  4°C.  which  will  completely  fill  the  cylinder.  Thus,  if  a  given  cylinder  will  hold  50  lbs.  of 
water  at  4°C.  and  28  lbs.  of  COo  (party  liquid  and  partly  vapour)  is  put  into  it,  the  combined  density  is  28/50  =  .56. 

The  curves  show  the  proportion  of  the  volume  of  the  cylinder  occupied  by  liquid  CO..  at  various  "combined 
densities"  of  charging,  and  various  temperatures,  each  curve  being  for  a  different  "combined  density,"  and  they 
further  show  that,  as  the  temperature  of  the  cylinder  rises  above  that  at  which  it  was  charged,  a  certain  amount  of 
vapour  condenses,  and  the  volume  of  liquid  increases.  So  long  as  there  is  any  vapour  left,  the  pressure  in  the 
cylinder  will  be  only  that  shown  by  the  Vapour  Pressure  curve  for  the  corresponding  temperature,  but  immediately 
the  cylinder  becomes  full  of  liquid  the  pressure  rises  enormously  with  further  increase  of  temperature.  Hence  a 
cylinder  must  never  be  filled  at  such  "a  combined  density  ''  that  it  will  become  full  of  liquid  at  the  maximum  tem- 
perature to  which  it  will  be  subjected,  due  to  climate  or  special  conditions. 

If,  however,  a  cylinder  is  charged  at  a  density  below  the  "critical  density,"  or  density  at  the  critical  tem- 
perature (.464),  on  raising  the  temperature  of  the  cylinder  above  that  at  which  it  was  charged  the  reverse  efl'ect 
takes  place,  the  liquid  evaporating  until  finally  there  is  nothing  but  vapour  left.  Cylinders  intended  for  tropical 
countries  or  conditions  where  a  temperature  of  over  30°C.  may  be  met  with,  should  therefore  be  charged  at  a 
density  not  exceeding  .46.  (Authority,   R.  T.    Stewart). 
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